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REFRIGERATION SYSTEMS FOR RAPIDLY
COOLING FOOD AND DRINKS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thas application 1s a continuation application of
and claims the benefit of priority under 35 USC §120 to
U.S. Application No. 17/700,200, filed on Mar. 21, 2022,
which 1s a continuation of U.S. Application No. 17/
335,891, filed on Jun. 1, 2021, 1ssued as U.S. Pat. No.
11,279,609, which claims priority under 35 USC § 119(¢)
to U.S. Pat. Application Serial No. 63/033,059, filed on
Jun. 1, 2020, the entire contents of which are hereby 1ncor-
porated by reference.

TECHNICAL FIELD

[0002] This disclosure relates to systems and methods for
rapidly cooling food and drinks.

BACKGROUND

[0003] DBeverage brewing systems have been developed
that rapidly prepare single servings of hot beverages. Some
of these brewing systems rely on single use pods to which
water 18 added before brewing occurs. The pods can be used
to prepare hot coffees, teas, cocoas, and dairy-based
beverages.

[0004] Home use 1ce cream makers can be used to make
larger batches (e.g., 1.5 quarts or more) of 1ce cream for
personal consumption. These 1ce cream maker appliances
typically prepare the mixture by employing a hand-crank
method or by employing an electric motor that 1s used, m
turn, to assist 1n churning the ingredients within the appli-
ance. The resulting preparation 1s often chilled using a pre-
cooled vessel that 1s mserted into the machine.

SUMMARY

[0005] This specification describes systems and methods
for rapidly cooling food and drinks. Some of these systems
and methods can cool food and drinks 1n a container 1inserted
into a counter-top or mstalled machine from room tempera-
ture to freezing 1n less than two minutes. For example, the
approach described 1n this specification has successtully
demonstrated the ability to make soft-serve 1ce cream from
room-temperature pods 1mn approximately 90 seconds. This
approach has also been used to chill cocktails and other
drinks mcluding to produce frozen drinks. These systems
and methods are based on a refrigeration cycle (or freezing
cycle) with low startup times and a pod-machine nterface
that 1s easy to use and provides extremely efficient heat
transfer. Some of the pods described are filled with mgreda-
ents 1n a manufacturing line and subjected to a sterilization
process (€.g., retort, aseptic packaging, ultra-high tempera-
ture processing (UHT), ultra-heat treatment, ultra-pasteuri-
zation, or high pressure processing (HPP)). HPP 1s a cold
pasteurization techmque by which products, already sealed
in 1ts final package, are mtroduced into a vessel and sub-
jected to a high level of 1sostatic pressure (300-600 megapas-
cals (MPa) (43,500 -87,000 pounds per square ich (psi1))
transmatted by water. The pods can be used to store ingredi-
ents including, for example, dairy products at room tem-
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perature for long periods of time (e.g., 9-12 months) follow-
ing sterilization.

[0006] Cooling 1s used to indicate the transter of thermal
energy to reduce the temperature, for example, of mngredi-
ents contained 1n a pod. In some cases, cooling indicates the
transfer of thermal energy to reduce the temperature, for
example, of igredients contammed m a pod to below
freezing.

[0007] The refrigeration systems of this disclosure strike a
balance between freezing the mgredients within the pod as
quickly as possible while reducing risk of damage to the
compressor, dealing with the transient nature of freezing a
serving of 1ce cream on-demand (1.€., a lot of heat transfer at
the start of the process and less heat transter at the end) and
minimizing the size of the refrigeration system. For exam-
ple, mcreasing the mass of refrigerant within the refrigera-
tion system enables the evaporator to exchange more heat
with the pod and freeze the ingredients within the pod faster.
However, 11 the refrigerant exits the evaporator and returns
to the compressor as a liquid-gas mixture (e.g., because not
all the refrigerant was used 1n the exchange of heat from the
pod to the evaporator) then this liquid-gas mixture returning
to the compressor can damage the compressor because com-
pressors are designed to receive 100% gas. If hiquid refrig-
crant returns to the compressor, the liquid 1s non-compres-
sible and this reduces efficiency of the refrigeration system
by limiting how much gas can be compressed by the com-
pressor. On the other hand, an undersized refrigeration sys-
tem will generally take longer to cool a pod to below the
freezing temperature of the ingredients, and in some cases,
would not have enough refrigerant to transter the required
heat from the pod. An undersized system 1s characterized by
a substantial portion of the evaporator being above the freez-
ing point of 1ce cream for some portion of the freezing pro-
cess. In the case of an undersized system, a remedy 1s using
a larger compressor but this adds weight, size and increased
power draw to the machine. For example, mm some cases,
700 W-900 W of freezing occurs within during the freezing
cycle and the refrigerant needs to absorb this thermal energy
1in order to freeze the ingredients of the pod during the freez-
ng cycle.

[0008] Some conventional refrigeration systems are based
on mdustrial air conditional systems that always maintain a
temperature difference between the refrigerant passing
through the nlet of the evaporator and the refrigerant pas-
sing through the outlet of the evaporator. This temperature
difference 1s largely a function of the heat load being rela-
tively constant over time. This difference also ensures that
the refrigerant returning to a compressor 1s 100% gas. As
noted above, this 1s to reduce the risk of damage to the com-
pressor. In some cases, the machines described 1 this dis-
closure allow the temperature difference to converge to be
substantially similar (e.g., less than a 5° C. difference)
toward the end of the freezing cycle (¢.g., by the end of
the freezing cycle or during at least part of the second half
of the freezing cycle). This convergence 1s caused 1 part by
the transient nature of freezing a serving of 1ce cream on-
demand. While this convergence generally means that some
liquid-gas mixture returns to the compressor, this 1s a trade-
off that 1s made 1n the machines described 1 this disclosure
in order to freeze the ingredients of the pod as quickly as
possible (e.g., within 2 minutes and sometimes within 1 min-
ute, depending on the 1ngredients within the pod).
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[0009] Some machines with a refrigeration system to cool
tood or drink 1 a pod include: an evaporator of the retfrig-
eration system, the evaporator defining a receptacle sized to
recewve the pod, the evaporator including an inlet port to
receirve refrigerant and an outlet port to discharge retriger-
ant. The refrigeration system 1s operable to apply a freezing
cycle to the food or drink 1n which refrigerant flows through
the evaporator exchanging heat from mgredients 1n the pod
to the refrigerant causing a temperature difference between
an e¢vaporator inlet temperature and an evaporator outlet
temperature. The temperature ditference between the eva-
porator mlet temperature and the evaporator outlet tempera-
ture 1s greater than 15° C. within 20 seconds of beginning
the freezing cycle. The temperature difference between the
evaporator 1mlet temperature and the evaporator outlet tem-
perature 1s less than 5° C. by the end of the freezing cycle.
[0010] Some machines with a refrigeration system to cool
food or drink 1n a pod include: an evaporator of the refrig-
eration system, the evaporator defining a receptacle sized to
recerve the pod, the evaporator including an inlet port to
recerve refrigerant and an outlet port to discharge refriger-
ant. The refrigeration system 1s operable to apply a freezing
cycle to the food or drink 1 which refrigerant flows through
the evaporator exchanging heat from mgredients 1n the pod
to the refrigerant causing a temperature difference between
an evaporator inlet temperature and an evaporator outlet
temperature. The refrigerant passes through the outlet port
of the evaporator and becomes superheated during at least
part of a first halt of the freezing cycle. The refrigerant
passes through the outlet port of the evaporator in a non-
superheated state during a second half of the freezing cycle.
[0011] Some machines with a refrigeration system to cool
food or drink 1 a pod mclude: an evaporator of the refrig-
eration system, the evaporator defining a receptacle sized to
recerve the pod, the evaporator mcluding an inlet port to
receive refrigerant and an outlet port to discharge refriger-
ant; and a motor operable to rotate a mixing paddle 1n the
pod 1n a first direction, wherein the refrigerant flows from
the 1mlet port to the outlet port 1n a second direction opposite
to the first direction. The motor causes the mixing paddle mn
the pod to rotate at a rotational speed of greater than
200 RPM. The machine causes the cooled food or drink to
be dispensed nto a contamner or cone without coming 1nto

contact with other portions of the machine.
[0012] Some machines with a refrigeration system to cool

food or drink 1n a pod include: an evaporator of the refrig-
eration system, the evaporator defining a receptacle sized to
recerve the pod, the evaporator mmcluding an inlet port to
recerve refrigerant and an outlet port to discharge refriger-
ant; a motor operable to rotate a mixing paddle 1 the pod at
a rotational speed of greater than 200 RPM; a dispenser con-
figured to engage with the pod to allow the cooled food or
drink to be dispensed from the pod. The cooled food or drink
1s dispensed at a dispensing temperature or draw tempera-
ture of between 26.6° F. and 5.0° F. The cooled and dis-
pensed food or drink 1s composed of ice crystals with a

mean si1ze of less than 50 um.
[0013] Some machines to freeze hiquid food or drink

within a pod mclude: a refrigeration system comprising an
cvaporator defiming a receptacle sized to receive the pod;
and a charge reservorr m flud communication with the
refrigeration system, the charge reservoir operable to 1nject
refrigerant mnto the refrigeration system and configured to
withdraw refrigerant from the refrigeration system.
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[0014] Some evaporators for refrigeration systems
include: walls defining a receptacle sized to receive a pod;
an 1nlet port to receive refrigerant; an outlet port to dis-
charge refrigerant; and one or more thermoelectric coolers
thermally attached to the evaporator, each thermoelectric
cooler configured to transter thermal energy between a
first side and a second side, the first side thermally attached
to the evaporator and the second side thermally attached to a
refrigerant channel downstream of the outlet port.

[0015] Embodiments of these machines can include one or

more of the following features.
[0016] In some embodiments, a cooler sidewall region of

the pod 1s 1 direct contact with a portion of the evaporator
having a temperature below a freezing temperature of the
ingredients within the pod and wherem a warmer sidewall
region of the pod 1s m direct contact with a portion of the
evaporator having a temperature above the freezing tem-
perature of the mgredients within the pod. In some cases, a
temperature along an mner surface of evaporator mncreases
along a circumierential direction during the freezing cycle.
[0017] In some embodiments, the freezing cycle has a
duration between 30 seconds and 3 minutes. In some
cases, the freezing cycle has a duration of less than 1 minute.
In some cases, the freezing cycle has a duration of 1 minute.
In some cases, the freezing cycle has a duration of less than
2 minutes. In some cases, the freezing cycle has a duration
of 2 mimutes.

[0018] In some embodiments, the machines include a
motor operable to rotate a mixing paddle 1 a first direction
during the freezing cycle, the mixing paddle operable to
churn mgredients within the pod during the freezing cycle.
In some cases, refrigerant flows trom the mlet port to the
outlet port 1n a second direction opposite to the first direc-
tion during the freezing cycle. In some cases, the motor
causes the mixing paddle to rotate 1n the pod 1n a first direc-
tion and the retrigerant flows tfrom the inlet port to the outlet
port 1n the same direction as the mixing paddle.

[0019] In some cases, the mixing paddle 1s caused to move
in a first direction opposite to the second direction of the
reirigerant 1n order to transfer some quantity of warmer
food or drink from the region of the pod adjacent to the
refrigerant outlet port to the region of the pod adjacent to
the refrigerant 1nlet port. In some cases, the mixing paddle
1s caused to move 1 a first direction opposite to the second
direction of the refrigerant i order to improve the overall
heat transfer process and reduce the time 1t takes to cool the
food or drink 1n the pod.

[0020] In some embodiments, the temperature difference
between the evaporator mlet temperature and the evaporator
outlet temperature 1s at least 25° C. during an 1nitial 20 sec-
onds of the freezing cycle.

[0021] In some embodiments, the temperature of the eva-
porator mlet and the temperature of the evaporator outlet
converge to become substantially similar by the end of the
freezing cycle.

[0022] In some embodiments, the temperature difference
between the evaporator mlet temperature and the evaporator
outlet temperature of less than 5° C. 1s maintained for a
remainder of the freezing cycle.

[0023] In some embodiments, the refrigerant 1n the
machine 1s operable to freeze at least 90% of the mgredients
within the pod during the freezing cycle. In some cases, the
refrigerant mn the machine 1s operable to freeze all the mgre-
dients within the pod during the freezing cycle. In some
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cases, a weight of the refrigerant 1s between 70 grams and
150 grams. In some cases, a weight of the refrigerant 1s
between 85 grams and 95 grams. In some cases, the refrig-
erant 18 propylene. In some cases, a weight of mgredients

within the pod 1s between 5 and 10 ounces.
[0024] In some embodiments, a weight of the refrigerant

in the machine 1s appropriate to freeze between 5 and
10 ounces of food or drink 1n the pod. In some cases, the
weight of the refrigerant 1n the machine 1s appropriate to
freeze between 7 and 9 ounces of food or drink 1n the pod.
[0025] In some embodiments, a weight of the refrigerant
in the machine 1s appropriate to cause the refrigerant to
become superheated during at least part of the first half of
the freezing cycle.

[0026] In some embodiments, a weight of the refrigerant
in the machine 1s appropriate to prevent the refrigerant from
becoming superheated during the second halt of the freezing
cycle.

[0027] In some embodiments, a weight of the refrigerant
1in the machine 1s approprnately selected to cause the tem-
perature difference between the evaporator inlet temperature
and the evaporator outlet temperature to be greater than
15° C. towards the beginning of the freezing cycle, and the
temperature difference between the evaporator mlet tem-
perature and the evaporator outlet temperature to converge
and become substantially similar towards the end of the
freezing cycle.

[0028] In some embodiments, the machines include a dis-
penser to allow the cooled food or drink to be dispensed
from the pod. In some cases, the cooled food or drink 1s
dispensed at a temperature between 26.6° F. and 17.6° F.
In some cases, the cooled food or drink includes alcohol
and 1s dispensed at a temperature between 17.6° F. and
5.0° F. In some cases, the cooled and dispensed food or
drink 1s composed of 1ce crystals with a mean size of less
than 50 um.In some cases, the dispensed food or drink 1s
composed of ice crystals with a mean size of less than
40 um.

[0029] In some embodiments, the refrigeration system
includes a compressor, a condenser, and a capillary tube or
expansion valve 1n fluid communication with each other.
[0030] In some embodiments, the refrigeration system
includes a bypass channel that fluidly connects a compressor
ol the machine to the inlet port of the evaporator. In some
cases, the bypass channel assists 1n defrosting the evaporator
at the end of the freezing cycle to release the pod from the
evaporator.

[0031] In some embodiments, the refrigerant becomes
superheated during all of the first half of the freezing cycle.
[0032] In some embodiments, the refrigerant passes
through the outlet port of the evaporator i a non-super-
heated state durmg all of the second halt of the freezing
cycle.

[0033] In some embodiments, the machine includes a
capillary tube heat exchanger.

[0034] In some embodiments, the refrigeration system
includes a computer-controlled valve fluidly connecting
the charge reservoir to the refrigeration system. In some
cases, the refrigeration system 1s part of a machine for mak-
ing frozen liquid or drinks. In some cases, a processor of the
machine 1s configured to open the computer-controlled
valve at a beginning of a freezing cycle and close the com-
puter-controlled valve at an end of the freezing cycle.
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[0035] In some embodiments, the charge reservoir com-
prises a piston slidably attached within the charge reservoir
to push refrigerant into the refrigeration system and siphon
refrigerant from the retrigeration system.

[0036] In some embodiments, the charge reservoir com-
prises one or more air bellows attached within the charge
reservolr to push refrigerant mto the refrigeration system
and siphon refrigerant from the refrigeration system.

[0037] In some embodiments, the pod mncludes liquid 1ce
cream and the evaporator 1s part of a machine for making
frozen 1ce cream.

[0038] In some embodiments, each of the one or more
thermoelectric coolers 1s vertically arranged on an outside
surface of the evaporator.

[0039] In some embodiments, each thermoelectric cooler
1s connected to an outside surface of the evaporator using a
metallic heat spreader.

[0040] In some embodiments, the evaporator includes a
first temperature sensor operable to measure a refrigerant
temperature at the mlet port of the evaporator and a second
temperature sensor operable to measure a refrigerant tem-
perature at the outlet port. In some cases, a processor of a
machine 18 operable to monitor the refrigerant temperatures
measured by the first temperature sensor and the second
temperature sensor and the processor 1s configured to acti-
vate and deactivate the one or more thermoelectric coolers
based on the measured refrigerant temperatures. In some
cases, the processor of a machine 1s operable to activate
the one or more thermoelectric coolers when the evaporator
1s transferring heat from the pod to the evaporator and a
portion of the evaporator abutting the pod 1s above a freez-
Ing temperature of 1ce cream.

[0041] The systems and methods described 1n this specifi-
cation can provide a number of advantages.

[0042] Some refrigeration systems of the machines in this
disclosure use propylene refrigerant because propylene
refrigerant has good volumetric efficiency. While propylene
refrigerant 1s commonly used for cryogenic applications, the
inventors discovered that i1t works great for freezing ice
cream quickly while also allowing the compressor to be
smaller than 1f other refrigerants were used (e.g., Freon™),
This allows the machines to be very compact for countertop
consumer applications. In some cases, the machines require
only 88 grams of propylene refrigerant i order to freeze at
least 90% of the mngredients within the pod (e.g., all of the
ingredients within the pod) within a freezing cycle (e.g.,
within a 2 minute freezing cycle and sometimes within a
1 minute freezing cycle).

[0043] Some embodiments of these systems and methods
can provide single servings of cooled food or drink. This
approach can help consumers with portion control. Some
embodiments of these systems and methods can provide
consumers the ability to choose their single-serving tlavors,
for example, of soft serve i1ce cream. Some embodiments of
these systems and methods incorporate shelf-stable pods
that do not require pre-cooling, pre-freezing or other pre-
paration. Some embodiments of these systems and methods
can generate frozen food or drinks from room-temperature
pods 1 less than two minutes (1n some cases, less than one
minute). Some embodiments of these systems and methods
do not require post-processing clean up once the cooled or
frozen food or drink 1s generated. Some embodiments of
these systems and methods utilize aluminum pods that are
recyclable.
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[0044] Some embodiments of these systems provide one
or more thermoelectric coolers to be attached to the evapora-
tor to freeze 1ce cream faster. This 1s particularly advanta-
geous at the beginnming of the freezing cycle when the trans-
fer of heat from the 1ce cream to the evaporator 1s focused
near the refrigerant mlet location and little to no heat trans-
fer occurs near the refrigerant outlet location. By attaching a
thermoelectric cooler near the evaporator outlet location, the
ice cream transfers heat through the evaporator to the ther-
moelectric cooler and reduces the freezing time of the 1ce
cream.

[0045] Some embodiments of these systems provide the
mixing paddle to rotate counter to the direction refrigerant
flows through the evaporator. This allows warm 1ce cream
near the warmer evaporator outlet location to be scrapped
and moved to the cooler evaporator inlet location. This
allows heat transfer to effectively mx throughout the 1ce
cream and 1n some cases, allows the 1ce cream to freeze 1-
2% faster than by rotating the mixing paddle 1n the direction

of the refrigerant.
[0046] Some embodiments of these systems provide mul-

tiple parallel channels through the evaporator to mmprove
heat transfer. Some embodiments of these systems provide
“S” shaped channels through the evaporator to improve heat

transfer.
[0047] Some embodiments of these systems allow the

ability to defrost an evaporator of a machine using a thermo-
electric cooler. This allows the evaporator to defrost faster
than using a bypass line from the compressor alone.

[0048] Some embodiments of these systems provide a
charge reservorr to store extra refrigerant that 1s used to
inject refrigerant into the refrigeration system when the eva-
porator 1s not effectively freezing the ice cream (1.¢., the
refrigeration system 1s undersized, as 1n the first part of the
refrigeration cycle where a portion of the evaporator 1s
above the freezing point of i1ce cream). This allows the
refrigeration system to freeze the 1ce cream faster by provid-
ing more thermal mass to store thermal energy 1n the refrig-
eration system. The charge reservoir 1s also used to with-
draw refnigerant from the refrigeration system when the
refrigeration system 1s not effectively using all the refriger-
ant. In some cases, this means the refrigerant exiting the
evaporator 1s not 100% vapor and can damage the compres-
sor. By withdrawimg refrigerant, less thermal mass 1n the
refrigeration system mmproves freezing performance and
reduces the nisk of damage to the compressor. Using a
charge reservolr 1n lieu of an expansion valve 1s quieter
and 1s more compatible with a capillary tube heat exchanger.
[0049] The details of one or more embodiments of these
systems and methods are set forth in the accompanying
drawings and the description below. Other features, objects,
and advantages of these systems and methods will be appar-
ent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0050] FIG. 1A 1s a perspective view of a machine for
rapidly cooling food and drinks. FIG. 1B shows the machine
without 1ts housing.

[0051] FIG. 1C 1s a perspective view of a portion of the

machine of FIG. 1A.
[0052] FIG. 2A 1s perspective view of the machine of FIG.
1A with the cover of the pod-machine mterface illustrated as

Aug. 10, 2023

being transparent to allow a more detailed view of the eva-
porator to be seen.

[0053] FIG. 2B 1s a top view of a portion of the machine
without the housing and the pod-machine interface without
the lad.

[0054] FIGS. 2C and 2D are, respectively, a perspective
view and a side view of the evaporator.

[0055] FIGS. 3A - 3F show components of a pod-machine
interface that are operable to open and close pods i the
evaporator to dispense the food or drink being produced.
[0056] FIG. 4 1s a schematic of a refrigeration system.
[0057] FIGS. SA and 5B are views of a prototype of a
condenser.

[0058] FIG. 6A 1s a side view of a pod.

[0059] FIG. 6B 1s a schematic side view of the pod and a
mixing paddle disposed 1n the pod.

[0060] FIGS. 7A and 7B are perspective views of a pod
and an associated driveshalft.

[0061] FIG. 7C 1s a cross-section of a portion of the pod
with the driveshaft engaged with a mixing paddle 1n the pod.
[0062] FIG. 8 shows a first end of a pod with its cap
spaced apart from 1ts base for ease of viewing.

[0063] FIGS. 9A - 9G 1llustrate rotation of a cap around

the first end of the pod to open an aperture extending

through the base.
[0064] FIG. 10 1s an enlarged schematic side view of a
pod.

[0065] FIG. 11 1s a flow chart of a method for operating a
machine for producing cooled food or drinks.

[0066] FIG. 12 1s a schematic of a refrigeration system
that includes an evaporator and an expansion sub-system.
[0067] FIG. 13 1s a schematic of a refrigeration system
that includes a bypass line that pre-chills a tank of water
prior upstream of an evaporator.

[0068] FIG. 14 1s a schematic of a refrigeration system
that includes a thermal mass disposed between a compressor
and a condenser.

[0069] FIG. 15 1s a schematic of a refrigeration system
that mcludes a pressure vessel, a first control valve, and a
second control valve.

[0070] FIG. 16 1s a schematic of a refrigeration system
that includes a thermoelectric module.

[0071] FIG. 17 1s a schematic of a refrigeration system
that includes a thermal battery, a first battery bypass valve,
and a second battery bypass valve.

[0072] FIG. 18A 1s top view of an evaporator cover 127
and FIG. 18B 1s a top view of the body of the evaporator.
[0073] FIGS. 19A and 19B are perspective views of an

evaporator with and without an associated lid.
[0074] FIGS. 20A-20D are schematics of tflow paths

formed by the channels of the evaporator and an associated
lad.

[0075] FIGS. 21A-21C are views of the pod and the eva-
porator with a closing mechanism.

[0076] FIGS. 22A and 22B are side views of a closing
mechanism that includes a first bolt and a second bolt.
[0077] FIGS. 23A - 23H 1llustrate an evaporator with an
extruded body.

[0078] FIG. 24 illustrates an evaporator mcorporating an
orifice plate.

[0079] FIG. 25 1s a perspective view of an evaporator,
shown m FIGS. 19A and 19B with an internal surface

made of a different material than the evaporator.
[0080] FIGS. 26A-26C are schematic views of claddings.
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[0081] FIG. 27 1s an exemplary view of a matenial that
includes microchannels.

[0082] FIGS. 28A-28C arc top views of a rotary
COMPressor.

[0083] FIGS. 29A-29B are plots of the freezing cycle for
freezing 1ce cream.

[0084] FIGS. 30A-30H are contours and plots represent-
ing temperature along the length of the evaporator.

[0085] FIG. 31 1s an evaporator with an attached thermo-
electric cooler.

[0086] FIG. 32 1s a schematic of a refrigeration system

with a charge reservorr.

[0087] FIG. 33 are 1ce crystal size analysis results for 1ce
cream.

[0088] FIGS. 34A-34E are 1images representing an 1ce
crystal size analysis for various 1ce creams.

[0089] FIGS. 35A-35E are histograms representing the 1ce
crystal size analysis for the various ice creams shown in

FIGS. 34A-34E.
[0090] Like reference symbols m the various drawings

indicate like elements.
DETAILED DESCRIPTION

[0091] This specification describes systems and methods
for rapidly cooling food and drinks. Some of these systems
and methods use a counter-top or nstalled machine to cool
food and drninks 1n a container from room temperature to
freezing m less than two minutes. For example, the
approach described 1n this specification has successtully
demonstrated the ability make soft-serve i1ce cream, frozen
colfees, frozen smoothies, and frozen cocktails, from room
temperature pods 1n approximately 90 seconds. This
approach can also be used to chill cocktails, create frozen
smoothies, frozen protemn and other functional beverage
shakes (e.g., collagen-based, energy, plant-based, non-
dairy, CBD shakes), trozen cottee drinks and chilled cotfee
drinks with and without nitrogen in them, create hard 1ce
cream, create milk shakes, create frozen yogurt and chilled
probiotic drinks. These systems and methods are based on a
refrigeration cycle (or freezing cycle) with low startup times
and a pod-machine interface that 1s easy to use and provides
extremely efficient heat transfer. Some of the pods described
can be sterilized (e.g., using retort sterilization) and used to
store mgredients including, for example, dairy products at
room temperature for up to 18 months.

[0092] A significant challenge 1n the design of 1ice cream
machines 1s the ability to cool a pod from room temperature
to the draw temperature as quickly as possible, preferably
within two minutes. Some machines reduce the residence
time the 1ce cream remains i the i1ce cream machine by
reaching the draw temperature as quickly as possible. This
can be achieved by mixing and cooling as quickly as
possible.

[0093] The machines and processes described 1 this spe-
cification create 1ce cream with the majority of the 1ce crys-
tals below 50 um and often the majority 1s below 30 umn a
single serve pod. In order to still be able to dispense the 1ce
cream out of the pod mto a bowl or dish without the 1ce
cream contacting the machine, a draw temperature or dis-
pensing temperature of the 1ce cream should be between
-3° to -8° C. (26.6° F. to 17.6° F.) and preferably between
-3°to -6° C. (26.6° F. to 21.2° F)).

[0094] 'The machines and processes described n this spe-
cification use a novel feature of increasing the rotational
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speed durmng freezing and dispensing, which 1s counter-
intuitive. The machines described 1n this specification can
use a mixing paddle that begins rotating slowly, but as the
1ce cream starts to freeze from liquad to solid, the rotational
speed 1s increased requiring much more power to overcome
the mcrease m mixing paddle torque. Normally as torque
increases one would slow down the rotational speed of the
mixing paddle to keep the power requirement constant. In
some machines, the rotational speed of the mixing paddle 1s
increased during freezing process from 100 RPM to
1200 RPM to reduce freeze times and reduce ice crystal
s1ze to be low, around 50 pum.

[0095] Furthermore, by increasing the rotational speed of
the mixing paddle, 1ce on the mner diameter of the pod 1s
melted, which 1s opposite the mntended function of the pod
wall to freeze the 1ce cream quickly. The freeze time for the
1ce cream increases by melting the 1ce crystals at the pod
wall with the extra fniction generated by the high rotational
speed of the mixing paddle. This 1s opposite the typical goal
of reducing consumer the wait time for the i1ce cream to
freeze and dispense. For at least these reasons, icreasing
the rotational speed of the mixing paddle above a threshold
of about 200 RPM 1s counter-intuitive.

[0096] The rotational speed of the impeller mixing paddle
1s 1ncreased to draw air into the frozen confection to achieve
improved overrun (preferably at least 30% overrun). Rota-
tion of the helical profile of the mixing paddle (for example,
the helical profile of the mixing paddle 1s shown 1n FIG. 10)
also generates downward pressure to extrude the 1ce cream

out of the exat port of the pod.
[0097] Furthermore, as previously described, the combi-

nation of spinning the mixing paddle quickly and cooling
rapidly at the walls of the pod allows the cooled 1ce cream
to mix properly within the pod and maintain small 1ce crys-
tal s1ze which 1s directly correlated to 1ce cream smoothness.
This 1s 1n part because of scraping the chilled 1ce cream from
the walls of the pod and forcing 1t to the center of the pod
where the temperature 1s warmer. Optimal performance of
the 1ce cream machine relies of having both etficient cooling
at the walls of the pod and rapid scraping/mixing of the con-
tents of the pod. A machine with efficient cooling but with-
out rapid scrapmg/mixing and vice versa would be less
optimal.

[0098] The 1ce cream mix described 1n this specification
uses a novel feature of mcludes minimal or no stabilizers
and emulsifiers. The absence or near absence of stabilizers,
emulsifiers, and unnatural products, 1s considered a “clean
label”. The 1ce cream mix described m this specification
includes milk, cream, sugar and powder milk. By including
these features m the 1ce cream mix, the resulting 1ce cream
has a majority of ice crystals under 25 um 1 diameter.
[0099] For example, a clean label formulation for a 150 g
serving of 1ce cream can include the following proportions:
48 g of whole milk, 67 g of heavy cream (no gums), 24 g of
white sugar, and 11 g of non-fat dry milk powder.

[0100] FIG. 1A 1s a perspective view of a machine 100 for
cooling food or drinks. FIG. 1B shows the machine without
its housing. The machine 100 reduces the temperature of
ingredients m a pod contaming the ingredients. Most pods
include a mixing paddle used to mix the mgredients before
dispensing the cooled or frozen products. The machine 100
includes a body 102 that includes a compressor, a condenser,
a fan, an evaporator, capillary tubes, a control system, a Ind
system and a dispensing system with a housing 104 and a
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pod-machine mterface 106. The pod-machine mtertace 106
includes an evaporator 108 of a refrigeration system 109
whose other components are disposed inside the housing
104. As shown on FIG. 1B, the evaporator 108 defines a
receptacle 110 sized to receive a pod. Other machines are
described mm more detaill in U.S. Pat. App. Ser. No. 16/
824,616 (attorney docket number 47354-0036001) filed
Mar. 19, 2020, and U.S. Pat. App. Ser. No. 16/844,781
(attorney docket number 47354-0012001) filed Apr. 9,
2020, which are incorporated herein by reference in its
entirety.

[0101] A Iid 112 1s attached to the housing 104 via a hinge
114. The I1d 112 can rotate between a closed position cover-
ing the receptacle 110 (FIG. 1A) and an open position
exposing the receptacle 110 (FIG. 1B). In the closed posi-
tion, the Iid 112 covers the receptacle 110 and 1s locked
place. In the machine 100, a latch 116 on the lid 112 engages
with a latch recess 118 on the pod-machine interface 106. A
latch sensor 120 1s disposed 1n the latch recess 118 to deter-
mine 1f the latch 116 1s engaged with the latch recess 118. A
processor 122 1s electronically connected to the latch sensor
120 and recognizes that the Iid 112 1s closed when the latch
sensor 120 determines that the latch 116 and the latch recess
118 arc engaged.

[0102] An auxilhary cover 115 rotates upward as the Iid
112 1s moved from its closed position to 1ts open position.
Some auxiliary covers slide into the housing when the lid
moves mto the open position.

[0103] In the machine 100, the evaporator 108 1s fixed n
position with respect to the body 102 of the machine 100
and access to the receptacle 110 1s provided by movement
of the id 112. In some machines, the evaporator 108 1s dis-
placeable relative to the body 102 and movement of the eva-
porator 108 provides access to the receptacle 110.

[0104] A motor 124 disposed in the housing 104 1s
mechanically connected to a driveshaft 126 that extends
from the Iid 112. When the Iid 112 1s 1n 1ts closed position,
the dniveshatt 126 extends mto the receptacle 110 and, 1f a
pod 1s present, engages with the pod to move a paddle or
paddles within the pod. The processor 122 1s 1n electronic
communication with the motor 124 and controls operation
of the motor 124. In some machines, the shaft associated
with the paddle(s) of the pod extends outward from the
pod and the lid 112 has a rotating receptacle (instead of the

driveshaft 126) mechanically connected to the motor 124.
[0105] FIG. 1C 1s perspective view of the Iid 112 shown

separately so the belt 125 that extends from motor 124 to the
driveshaft 126 1s visible. Referring again to FIG. 1B, the
motor 124 1s mounted on a plate that runs along rails 107.
The plate can move approximately 0.25 mches to adjust the
tension on the belt. During assembly, the plate slides along
the rails. Springs disposed between the plate and the hid 112

bias the Iid 112 away from the plate to maintain tension in

the belt.

[0106] FIG. 2A 1s a perspective view of the machine 100
with the cover of the pod-machine interface 106 1illustrated
as bemg transparent to allow a more detailed view of the
cvaporator 108 to be seen. FIG. 2B 15 a top view of a portion
of the machine 100 without housing 104 and the pod-
machine mterface 106 without the Iid 112. FIGS. 2C and
2D are, respectively, a perspective view and a side view of
the evaporator 108. Other pod-machine mterfaces are
described 1 more detaill in U.S. Pat. App. Ser. No. 16/
459,146 (attorney docket number 47354-0009001) filed
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Jul. 1, 2019 and incorporated herein by reference in its
entirety.

[0107] The evaporator 108 has a clamshell configuration
with a first portion 128 attached to a second portion 130 by a
living hinge 132 on one¢ side and separated by a gap 134 on
the other side. Retrigerant flows to the evaporator 108 from
other components of the refrigeration system through fluid
channels 136 (best seen on FIG. 2B). The refrigerant flows
through the evaporator 108 1n iternal channels through the
first portion 128, the living hinge 132, and the second por-
tion 130.

[0108] The space 137 (best seen on FIG. 2B) between the
outer wall of the evaporator 108 and the mmner wall of the
casing of the pod-machine interface 106 1s filled with an
insulating material to reduce heat exchange between the
environment and the evaporator 108. In the machine 100,
the space 137 1s filled with an aerogel (not shown). Some
machines use other insulating material, for example, an
annulus (such as an airspace), msulating foams made of var-
10us polymers, or fiberglass wool.

[0109] The evaporator 108 has an open position and a
closed position. In the open position, the gap 134 opens to
provide an air gap between the first portion 128 and the sec-
ond portion 130. In the machine 100, the first portion 128
and the second portion 130 are pressed together 1n the closed
position. In some machines, the first and second portion are
pressed towards each other and the gap 1s reduced, but still
defined by a space between the first and second portions 1n
the closed position.

[0110] The mner diameter ID of the evaporator 108 1s
slightly larger in the open position than 1 the closed posi-
tion. Pods can be 1nserted mnto and removed from the eva-
porator 108 while the evaporator 1s 1n the open position.
Transitioning the evaporator 108 from 1ts open position to
its closed position after a pod 1s mserted tightens the eva-
porator 108 around the outer diameter of the pod. For exam-
ple, the machine 100 1s configured to use pods with 2.085”
outer diameter. The evaporator 108 has an 1mnner diameter of
2.115” 1n the open position and an mner diameter of 2.085”
in the closed position. Some machines have evaporators
sized and configured to cool other pods. The pods can be
formed from commercially available can sizes, for example,
“slim” cans with diameters rangmng from 2.080 inches
- 2.090 1inches and volumes of 180 mulliliters (ml) -300 ml,
“sleek” cans with diameters ranging from 2.250 inches
- 2.400 1nches and volumes of 180 ml - 400 ml and “stan-
dard” size cans with diameters ranging from 2.500 inches
- 2.600 1inches and volumes of 200 ml - 500 ml. The machine
100 1s configured to use pods with 2.085 inches outer dia-
meter. The evaporator 108 has an inner diameter of
2.115 mnches 1 1ts open position and an mnner diameter of
2.085 mches 1 1ts closed position. Some machines have
evaporators sized and configured to cool other pods.

[0111] The closed position of evaporator 108 improves
heat transter between inserted pod 150 and the evaporator
108 by 1ncreasing the contact area between the pod 150 and
the evaporator 108 and reducing or eliminating an air gap
between the wall of the pod 150 and the evaporator 108. In
some pods, the pressure applied to the pod by the evaporator
108 1s opposed by the mixing paddles, pressurized gases
within the pod, or both to maintain the casing shape of the
pod.

[0112] In the evaporator 108, the relative position of the
first portion 128 and the second portion 130 and the si1ze of
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the gap 134 between them 1s controlled by two bars 138
connected by a bolt 140 and two springs 142. Each of the
bars 138 has a threaded central hole through which the bolt
140 extends and two end holes engaging the pins 144. Each
of the two springs 142 1s disposed around a pin 144 that
extends between the bars 138. Some machines use other
systems to control the size of the gap 134, for example, cir-
cumierential cable systems with cables that extend around
the outer diameter of the evaporator 108 with the cable
being tightened to close the evaporator 108 and loosened
to open the evaporator 108. In other evaporators, there are
a plurality of bolts and end holes, one or more than two
springs, and one or more engaging pins.

[0113] One bar 138 1s mounted on the first portion 128 of
the evaporator 108 and the other bar 138 1s mounted on the
second portion 130 of the evaporator 108. In some evapora-
tors, the bars 138 are mtegral to the body of the evaporator
108 rather than being mounted on the body of the evapora-
tor. The springs 142 press the bars 138 away from each
other. The spring force biases the first portion 128 and the
second portion 130 of the evaporator 108 away from each
other at the gap 134. Rotation of the bolt 140 1n one direc-
tion increases a force pushing the bars 138 towards each and
rotation of the bolt m the opposite direction decreases this
force. When the force applied by the bolt 140 15 greater than
the spring force, the bars 138 bring the first portion 128 and
the second portion 130 of the evaporator together.

[0114] The machine 100 includes an electric motor 146
(shown on FIG. 2B) that 1s operable to rotate the bolt 140
to control the size of the gap 134. Some machines use other
mechanisms to rotate the bolt 140. For example, some
machines use a mechanical linkage, for example, between
the 11id 112 and the bolt 140 to rotate the bolt 140 as the Iid
112 1s opened and closed. Some machines include a handle
that can be attached to the bolt to manually tighten or loosen
the bolt. Some machines have a wedge system that forces
the bars mnto a closed position when the machine lid 1s shut.
This approach may be used mstead of the electric motor 146
or can be provided as a backup m case the motor fails.
[0115] The electric motor 146 1s 1n communication with
and controlled by the processor 122 of the machine 100.
Some electric drives include a torque sensor that sends tor-
que measurements to the processor 122. The processor 122
signals to the motor to rotate the bolt 140 1n a first direction
to press the bars 138 together, for example, when a pod sen-
sor indicates that a pod 1s disposed 1n the receptacle 110 or
when the latch sensor 120 indicates that the 1id 112 and pod-
machine 1nterface 106 are engaged. It 1s desirable that the
clamshell evaporator be shut and holding the pod 1 a tightly
fixed position betfore the lid closes and the shaft pierces the
pod and engages the mixing paddle. This positioning can be
important for driveshatt-mixing paddle engagement. The
processor 122 signals to the electric drive to rotate the bolt
140 1n the second direction, for example, after the food or
drink being produced has been cooled/frozen and dispensed
from the machine 100, thereby opening the evaporator gap
134 and allowing for easy removal of pod 150 from eva-

porator 108.
[0116] The base of the evaporator 108 has three bores 148

(see FIG. 2C) which are used to mount the evaporator 108 to
the floor of the pod-machine interface 106. All three of the
bores 148 extend through the base of the second portion 130

of the evaporator 108. The first portion 128 of the evapora-
tor 108 1s not directly attached to the floor of the pod-
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machine mterface 106. This configuration enables the open-
ing and closing movement described above. Other config-
urations that enable the opening and closing movement of
the evaporator 108 can also be used. Some machines have
more or fewer than three bores 148. Some evaporators are
mounted to components other than the floor of the pod-
machine interface, for example, the dispensing mechanism.
[0117] Many factors affect the performance of a refrigera-
tion system. Important factors include mass velocity of
reirigerant flowing through the system, the refrigerant
wetted surface area, the refrigeration process, the area of
the pod/evaporator heat transfer surface, the mass of the
evaporator, and the thermal conductivity of the material of
the heat transfer surface. Extensive modeling and empirical
studies 1 the development of the prototype systems
described 1n this specification have determined that appro-
priate choices for the mass velocity of refrigerant flowing
through the system and the refrigerant wetted surtace area
are the most important parameters to balance to provide a
system capable of freezing up to 12 ounces of confection 1n

less than 2 minutes.
[0118] The evaporators described 1n this specification can

have the following characteristics:

TABLE 1

Evaporator parameters

60,000 to 180,000 1b / (hour feet
squared)

Mass Velocity

Reifrigerant Wetted Surface Area 35 to 200 square inches

Pressure drop Through Reirigeration less than 2 ps1 pressure drop across
Process the evaporator

Pod/Evaporator Heat Transfer 15 to 50 square inches

Surface
0.100 to 1.50 pounds
160 W/mK

Mass of Evaporator

Minmimum Conductivity of the
Material

The tollowing paragraphs describe the significance of these

parameters 1n more detail.
[0119] Mass velocity accounts for the multi-phase nature

of refrigerant flowing through an evaporator. The two-phase
process takes advantage of the high amounts of heat
absorbed and expended when a refrigerant fluid (e.g., R-
290 propane) changes state from a liquid to gas and a gas
to a liquid, respectively. The rate of heat transter depends 1n
part on exposing the evaporator mner surfaces with a new
liquad refrigerant to vaporize and cool the liquid i1ce cream
mix. To do this the velocity of the refrigerant fluid must be
high enough for vapor to channel or flow down the center of
the flow path within the walls of evaporator and for liquid
refrigerant to be pushed thru these channel passages within
the walls. One approximate measurement of tluid velocity in
a refrigeration system 1s mass velocity - the mass flow of
refrigerant 1 a system per unit cross sectional area of the
flow passage in units of Ib/hr {t°2. Velocity as measured 1n
ft/s (a more familiar way to measure “velocity™) 1s ditficult
to apply 1 a two-phase system since the velocity (it/s) 1s
constantly changing as the fluid flow changes state from
liquid to gas. If liqud refrigerant 1s constantly sweeping
across the evaporator walls, 1t can be vaporized and new
liquad can be pushed against the wall of the cooling channels
by the “core” of vapor flowing down the middle of the pas-
sage. At low velocities, flow separates based on gravity and
liquid remains on the bottom of the cooling passage within
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the evaporator and vapor rises to the top side of the cooling
passage channels. If the amount of area exposed to liquid 1s
reduced by half, for example, this could cut the amount of
heat transter almost half. According to the American
Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE), a mass velocity of 150,000 Ib/hr
"2 maximizes performance for the majority of the evapora-
tor low path. Mass velocity 1s one of the parameters that
must be balanced to optimize a refrigerant system. The para-
meters that affect the performance of the evaporator are
mass flow rate, convective heat transfer coeflicient, and
pressure drop. The nominal operating pressure of the eva-
porator 1s determined by the required temperature of the
cvaporator and the properties of the refrigerant used mn the
system. The mass flow rate of refrigerant through the eva-
porator must be high enough for 1t to absorb the amount of
thermal energy from the confection to freeze 1t, m a given
amount of time. Mass flow rate 1s primarily determined by
the s1ze of the compressor. It 1s desirable to use the smallest
possible compressor to reduce, cost, weight and size. The
convective heat transfer coetlicient 1s mfluenced by the
mass velocity and wetted surface area of the evaporator.
The convective heat transfer coeflicient will increase with
increased mass velocity. However, pressure drop will also
increase with mass velocity. This 1 turn increases the
power required to operate the compressor and reduces the
mass flow rate the compressor can deliver. It 1s desirable to
design the evaporator to meet performance objectives while
using the smallest least expensive compressor possible. We
have determined that evaporators with a mass velocity of
75,000 - 125,000 Ib/hr 1172 are effective m helping provide
a system capable of freezing up to 12 ounces of confection
in less than 2 minutes. The latest prototype has a mass velo-
city of approximately 100,000 Ib/hr {t*2 and provides a
o00d balance of high mass velocity, manageable pressure
drop 1 the system, and a reasonable sized compressor.
The current prototype mcludes an 8 ¢cc compressor. How-
ever, some systems include larger compressors (e.g., a
10 ¢c compressor, a 12 ¢¢ compressor, a 14 ¢¢c compressor)
to 1increase cooling capacity. For example, some machines
include a 16 cc capacity rotary compressor.

[0120] Another important factor that affects performance
in an evaporator 1s the surface areca wetted by refrigerant
which 1s the area of all the cooling channels within the eva-
porator exposed to refrigerant. Increasing the wetted surface
arca can improve heat transfer characteristics of an evapora-
tor. However, increasing the wetted surface area can
increase the mass of the evaporator which would increase
thermal mertia and degrade heat transfer characteristics of
the evaporator.

0121] The amount of heat that can be transierred out of
the liquid 1n a pod 1s proportional to the surface area of the
pod / evaporator heat transfer surface. A larger surface areca
1s desirable but mncreases 1n surface area can require increas-
ing the mass of the evaporator which would degrade heat
transfer characteristics of the evaporator. We have deter-
mined that evaporators in which the area of the pod/evapora-
tor heat transfer surface 1s between 20 and 40 square inches
are effectively combined with the other characteristics to
help provide a system capable of freezing up to 12 ounces
of confection m less than 2 minutes.

[0122] Thermal conductivity 1s the intrinsic property of a
material which relates its ability to conduct heat. Heat trans-
fer by conduction mvolves transfer of energy within a mate-
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rial without any motion of the material as a whole. An eva-
porator with walls made of a high conductivity material
(e.g., aluminum) reduces the temperature difference across
the evaporator walls. Reducing this temperature ditference
reduces the work required for the retrigeration system to
cool the evaporator to the right temperature.

[0123] For the desired heat transter to occur, the evapora-
tor must be cooled. The greater the mass of the evaporator,
the longer this cooling will take. Reducing evaporator mass
reduces the amount of material that must be cooled during a
freezing cycle. An evaporator with a large mass will
increase the time require to freeze up to 12 ounces of
confection.

[0124] The etfects of thermal conductivity and mass can
be balanced by an appropriate choice of materials. There are
materials with higher thermal conductivity than aluminum
such as copper. However, the density of copper 1s greater
than the density of aluminum. For this reason, some eva-
porators have been constructed that use high thermal con-
ductive copper only on the heat exchange surfaces of the

evaporator and use alumimum everywhere else.
[0125] FIGS. 3A - 3F show components of the pod-

machine interface 106 that are operable to open pods 1n
the evaporator 108 to dispense the food or drink being pro-
duced by the machine 100. This 1s an example of oneg
approach to opening pods but some machines and the asso-
ciated pods use other approaches.

[0126] FIG. 3A 1s a partially cutaway schematic view of
the pod-machine mterface 106 with a pod 150 placed 1n the
evaporator 108. FIG. 3B 1s a schematic plan view looking
upwards that shows the relationship between the end of the
pod 150 and the floor 152 of the pod-machine interface 106.
The floor 152 of the pod-machine mterface 106 1s formed by
a dispenser 153. FIGS. 3C and 3D are perspective views of a
dispenser 153. FIGS. 3E and 3F are perspective views of an
mnsert 154 that 1s disposed 1n the dispenser 153. The msert
154 includes an electric motor 146 operable to drive a worm
oecar 157 floor 152 of the pod-machine nterface 106. The
worm gear 157 1s engaged with a gear 159 with an annular
configuration. An annular member 161 mounted on the gear
159 extends from the gear 159 1nto an interior region of the
pod-machine interface 106. The annular member 161 has
protrusions 163 that are configured to engage with a pod
inserted into the pod-machine mterface 106 to open the
pod. The protrusions 163 of the annular member 161 are
four dowel-shaped protrusions. Some annular gears have
more protrusions or fewer protrusions and the protrusions
can have other shapes, for example, “teeth.”

[0127] The pod 150 includes a body 158 containing a mix-
ing paddle 160 (see FIG. 3A). The pod 150 also has a base
162 defining an aperture 164 and a cap 166 extending across
the base 162 (see FIG. 3B). The base 162 1s seamed/fixed
onto the body 158 of the pod 150. The base 162 includes a
protrusion 1635. The cap 166 mounted over base 162 1s rota-
table around the circumterence/axis of the pod 150. In use,
when the product 1s ready to be dispensed from the pod 150,
the dispenser 153 of the machine engages and rotates the cap
166 around the first end of the pod 150. Cap 166 1s rotated to
a position to engage and then separate the protrusion 165
from the rest of the base 162. The pod 150 and 1ts compo-
nents are described in more detail with respect to FIGS. 6A
-10.

[0128] The aperture 164 1n the base 162 15 opened by rota-
tion of the cap 166. The pod-machine interface 106 includes
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an electric motor 146 with threading that engages the outer
circumierence of a gear 168. Operation of the electric motor
146 causes the gear 168 to rotate. The gear 168 1s attached to
a annular member 161 and rotation of the gear 168 rotates
the annular member 161. The gear 168 and the annular
member 161 are both annular and together define a central
bore through which food or drink can be dispensed from the
pod 150 through the aperture 164 without contacting the
ogear 168 or the annular member 161. When the pod 150 1s
placed 1n the evaporator 108, the annular member 161
engages the cap 166 and rotation of the annular member

161 rotates the cap 166.
[0129] FIG. 4 1s a schematic of the refrigeration system

109 that includes the evaporator 108. The refrigeration sys-
tem also includes a condenser 180, a suction line heat
exchanger 182, an expansion device 184, and a compressor
186. High-pressure, liquid refrigerant flows from the con-
denser 180 through the suction line heat exchanger 182
and the expansion device 184 to the evaporator 108. The
expansion device 184 restricts the flow of the liquid refrig-
erant fluid and lowers the pressure of the liquid refrigerant
as 1t leaves the expansion device 184,

[0130] In this refrgeration system, the expansion device
184 1s an expansion valve. In some refrigeration systems,
the expansion device 184 1s a capillary tube. When the
expansion device 184 1s a capillary tube, the suction line
heat exchanger 182 can be implemented by wrapping the
capillary tube around the suction line (1.¢., the line from
the evaporator outlet to the compressor mlet) and brazing
or soldering 1t m place. In this approach, the expansion
device 184 1s both the capillary tube and the suction line
heat exchanger when connected thermally to the suction
lmme. This mmplementation results 1 a smmple, low-cost
approach to achieve the suction line heat exchange that
improves performance.

[0131] The low-pressure liquid-vapor mixture then moves
to the evaporator 108 where heat absorbed from a pod 150
and 1ts contents 1 the evaporator 108 changes the refriger-
ant from a liqud-vapor mixture to a gas. The gas-phase
refrigerant flows from the evaporator 108 to the compressor
186 through the suction line heat exchanger 182. In the suc-
tion line heat exchanger 182, the cold vapor leaving the eva-
porator 108 pre-cools the liquid leaving the condenser 180.
The suction line heat exchanger 182 imcludes a capillary
tube assembly. The refrigerant enters the compressor 186
as a low-pressure gas and leaves the compressor 186 as a
high-pressure gas. The gas then flows to the condenser 180
where heat exchange cools and condenses the refrigerant to
a liquad.

[0132] The refrigeration system 109 includes a first bypass
lime 188 and second bypass line 190. The first bypass line
188 directly connects the discharge of the compressor 186 to
the 1nlet of the compressor 186. Disposed on the both the
first bypass line and second bypass line are bypass valves
that open and close the passage to allow retrigerant bypass
tlow. Diverting the refrigerant directly from the compressor
discharge to the inlet can provide evaporator defrosting and
temperature control without injecting hot gas to the evapora-
tor. The first bypass line 188 also provides a means for rapid
pressure equalization across the compressor 186, which
allows for rapid restarting (1.¢., freezing one pod after
another quickly). The second bypass line 190 enables the
application of warm gas to the evaporator 108 to defrost

Aug. 10, 2023

the evaporator 108. The bypass valves may be, for example,

solenoid valves or throttle valves.
[0133] FIGS. SA and 5B are views of a prototype of the

condenser 180. The condenser has mternal channels 192.
The mternal channels 192 increase the surface area that
interacts with the refrigerant cooling the refrigerant quickly.
These mmages show micro-channel tubing which are used
because they have small channels which keeps the coolant
velocity up and are thin wall for good heat transter and have
laittle mass to prevent the condenser for being a heat smk.
[0134] FIGS. 6A and 6B show an example of a pod 150
for use with the machine 100 described with respect to
FIGS. 1A - 3F. FIG. 6A 1s a side view of the pod 150.
FIG. 6B 1s a schematic side view of the pod 150 and the
mixing paddle 160 disposed i the body 138 of the pod
150. Other pod-machine mtertaces that can be used with
this and similar machines are described in more detail 1n
U.S. Pat. App. Ser. No. 16/459,322 (attorney docket number
47354-0010001) filed Jul. 1, 2019 and incorporated herein
by reference 1n 1ts entirety.

[0135] The pod 150 1s si1zed to fit 1n the receptacle 110 of
the machine 100. The pods can be sized to provide a single
serving of the food or drink bemg produced. Typically, pods
have a volume between 6 and 18 fluid ounces. The pod 150

has a volume of approximately 8.5 fluid ounces.
[0136] The body 158 of the pod 150 1s a can that contains

the mixing paddle 160. The body 158 extends from a first
end 210 at the base to a second end 212 and has a circular
cross-section. The first end 210 has a diameter D, that 1s
slightly larger than the diameter D; £ of the second end 212.
Thas configuration facilitates stacking multiple pods 200 on
top of one another with the first end 210 of one pod recerv-

ing the second end 212 of another pod.
[0137] A wall 214 connects the first end 210 to the second

end 212. The wall 214 has a first neck 216, second neck 218.
and a barrel 220 between the first neck 216 and the second
neck 218. The barrel 220 has a circular cross-section with a
diameter Dg. The diameter Dy 1s larger than both the dia-
meter Dy of the first end 210 and the diameter D; » of the
second end 212. The first neck 216 connects the barrel 220
to the first end 210 and slopes as the first neck 216 extends
from the smaller diameter Dz to the larger diameter Dy of
the barrel 220. The second neck 218 connects the barrel 220
to the second end 212 and slopes as the second neck 218
extends from the larger diameter Dy of the barrel 220 to
the smaller diameter Dy » of the second end 212. The second
neck 218 1s sloped more steeply than the first neck 216 as the

second end 212 has a smaller diameter than the first end 210.
[0138] This configuration of the pod 150 provides

increased material usage; 1.€., the ability to use more base
material (e.g., alummum) per pod. This configuration
further assists with the colummar strength of the pod.
[0139] The pod 150 1s designed for good heat transter
from the evaporator to the contents of the pod. The body
158 of the pod 150 1s made of alumimum and 1s between 5
and 50 microns thick. The bodies of some pods are made of
other materials, for example, tin, stainless steel, and various
polymers such as Polyethylene terephthalate (PTE).

[0140] Pod 150 may be made from a combination of dii-
ferent materials to assist with the manufacturability and per-
formance of the pod. In one embodiment, the pod walls and
the second end 212 may be made of Alumimum 3104 while
the base may be made of Alumimum 5182.
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[0141] In some pods, the internal components of the pod
are coated with a lacquer to prevent corrosion of the pod as 1t
comes 1nto contact with the mgredients contamned within
pod. This lacquer also reduces the likelihood of “off notes™
of the metal 1n the food and beverage ingredients contained
within pod. For example, a pod made of aluminum may be
internally coated with one or a combination of the following
coatings: Sherwin Williams/Valspar® V70Q11, V70Q05,
32SO2AD, 40Q60AJ; PPG Innovel® 2012-823, 2012-
820C; and/or Akzo Nobel® Aqualure™ G1 50. Other coat-
ings made by the same or other coating manufacturers may
also be used.

[0142] Some mixing paddles are made of similar alumi-
num alloys and coated with similar lacquers/coatings. For
example, Whitford®/PPG coating 8870 may be used as a
coating for mixing paddles. The mixing paddle lacquer
may have additional non-stick and hardening benefits for
mixing paddle.

[0143] FIGS. 7A - 7C 1illustrate the engagement between
the driveshatt 126 of the machine 100 and the mixing paddle
160 of a pod 150 1nserted 1 the machine 100. FIGS. 7A and
7B are perspective views of the pod 150 and the driveshalit
126. In use, the pod 150 1s mserted mto the receptacle 110 of
the evaporator 108 with the first end 210 of the pod 150
downward. This orientation exposes the second end 212 of
the pod 150 to the drniveshatt 126 as shown m FIG. 7A.

Closmg the Iid 112 (see FIG. 1A) presses the driveshatt
126 against the second end 212 of the pod 150 with sufli-
cient force that the driveshatt 126 pierces the second end
212 of the pod 150. FIG. 7B shows the resulting hole expos-
ing the mixing paddle 160 with the driveshatt 126 offset for
case of viewing. FIG. 7C 1s a cross-section of a portion of
the pod 150 with the driveshatt 126 engaged with the mixing
paddle 160 after the lid 1s closed. Typically, there 1s not a
tight seal between the driveshatt 126 and the pod 150 so that
air can flow 1n as the frozen confection 1s evacuating/dispen-
sing out the other end of the pod 150. In an alternative
embodiment, there 1s a tight seal such that the pod 150
retains pressure 1n order to enhance contact between the
pod 150 and evaporator 108.

[0144] Some mixing paddles contain a funnel or recepta-
cle configuration that recerves the punctured end of the sec-
ond end of the pod when the second end 1s punctured by
driveshatt.

[0145] FI1G. 8 shows the first end 210 of the pod 150 with
the cap 166 spaced apart from the base 162 for ease of view-
ing. FIGS. 9A - 9D 1llustrate rotation of the cap 166 around
the first end 210 of the pod 150 to cut and carry away pro-
trusion 165 of base 162 and expose aperture 164 extending
through the base 162.

[0146] The base 162 1s manufactured separately from the
body 138 of the pod 150 and then attached (for example, by
crimping or seaming) to the body 138 of the pod 150 cover-
ing an open end of the body 158. The protrusion 1635 of the
base 162 can be formed, for example, by stamping, deep
drawing, or heading a sheet of alummum being used to
form the base. The protrusion 165 1s attached to the remain-
der of the base 162, for example, by a weakened score line
173. The scoring can be a vertical score 1nto the base of the
aluminum sheet or a horizontal score mto the wall of the
protrusion 165. For example, the maternial can be scored
from an mitial thickness of 0.008 inches to 0.010 mnches to
a post-scoring thickness of 0.001 inches - 0.008 inches. In
an alternative embodiment, there 1s no post-stamping scor-
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ing but rather the walls are intentionally thinned for ease of
rupture. In another version, there 1s not variable wall thick-
ness but rather the cap 166 combined with force of the
machine dispensing mechanism engagement are enough to
cut the 0.008 inches to 0.010 inches wall thickness on the
protrusion 165. With the scoring, the protrusion 1635 can be
lifted and sheared off the base 162 with 5-75 pounds of
force, for example between 15-40 pounds of force.

[0147] The cap 166 has a first aperture 222 and a second
aperture 224. The first aperture approximately matches the
shape of the aperture 164. The aperture 164 1s exposed and
extends through the base 162 when the protrusion 165 1s
removed. The second aperture 224 has a shape correspond-
Ing to two overlapping circles. One of the overlapping cir-
cles has a shape that corresponds to the shape of the protru-
sion 1635 and the other of the overlappimg circles 1s slightly
smaller. A ramp 226 extends between the outer edges of the
two overlapping circles. There 1s an additional 0.020” mate-
rial thickness at the top of the ramp transition. This extra
height helps to lift and rupture the protrusion’s head and
open the aperture during the rotation of the cap as described

in more detail with reference to FIGS. 9A - 9G.
[0148] As shown in FIGS. 9A and 9B, the cap 166 1s 1niti-

ally attached to the base 162 with the protrusion 165 aligned
with and extending through the larger of the overlapping
circles of the second aperture 224. When the processor 122
of the machine activates the electric motor 146 to rotate the
oecar 168 and the annular member 161, rotation of the cap
166 slides the ramp 226 under a lip of the protrusion 1635 as
shown 1n FIGS. 9C and 9D. Continued rotation of the cap
166 applies a lifting force that separates the protrusion 165
from the remainder of the base 162 (see FIGS. 9E - 9G) and
then aligns the first aperture 222 of the cap 166 with the
aperture 164 1 the base 162 resulting from removal of the
protrusion 163.

[0149] Some pods include a structure for retaiming the pro-
trusion 165 after the protrusion 165 1s separated from the
base 162. In the pod 1350, the protrusion 165 has a head
167, a stem 169, and a foot 171 (best seen 1n FIG. 9G).
The stem 169 extends between the head 167 and the foot
171 and has a smaller cross-section than the head 167 and
the foot 171. As rotation of the cap 166 separates the protru-
sion 165 from the remainder of the base 162, the cap 166
presses laterally against the stem 169 with the head 167 and
the 1oot 171 bracketing the cap 166 along the edges of one of
the overlapping circles of the second aperture 224. This con-
figuration retains the protrusion 165 when the protrusion
165 1s separated from the base 162. Such a configuration
reduces the likelihood that the protrusion falls mnto the wait-
ing receptacle that when the protrusion 165 1s removed from
the base.

[0150] Some pods include other approaches to separating
the protrusion 1635 from the remainder of the base 162. For
example in some pods, the base has a rotatable cutting
mechanism that 1s riveted to the base. The rotatable cutting
mechanism has a shape similar to that described relative to
cap 166 but this secondary piece 1s riveted to and located
within the perimeter of base 162 rather than being mounted
over and around base 162. When the refrigeration or freez-
ing cycle 1s complete, the processor 122 of the machine acti-
vates an arm of the machine to rotate the niveted cutting
mechanism around a nivet. Durmg rotation, the cutting
mechanism engages, cuts and carries away the protrusion
165, leaving the aperture 164 of base 162 1n 1ts place.
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[0151] In another example, some pods have caps with a
sliding knife that moves across the base to remove the pro-
trusion. The shiding knife 1s activated by the machine and,
when triggered by the controller, shides across the base to
separate, remove, and collect the protrusion 165. The cap
166 has a guillotine feature that, when activated by the
machine, may slide straight across and over the base 162.
The cap 166 engages, cuts, and carries away the protrusion
165. In another embodiment, this guillotine feature may be
central to the machine and not the cap 166 of pod 150. In
another embodiment, this guillotine feature may be mounted
as a secondary piece within base 162 and not a secondary

mounted piece as 18 the case with cap 166.
[0152] Some pods have a dispensing mechanism that

includes a pop top that can be engaged and released by the
machine. When the refrigeration cycle 1s complete, an arm
of the machine engages and lifts a tab of the pod, thereby
pressing the puncturing the base and creating an aperture
the base. Chilled or frozen product 1s dispensed through the
aperture. The punctured surface of the base remains hinged
to base and 1s retained mside the pod during dispensing. The
mixing avoids or rotates over the punctured surface or, m
another embodiment, so that the mixing paddle continues
to rotate without obstruction. In some pop tops, the arm of
the machine separates the punctured surface from the base.
In some cases, the cooled food or drink 1s dispensed at a
temperature between 26.6° F. and 17.6° F. In some cases,
the cooled food or drink mcludes alcohol (e.g., a frozen
alcoholic drink) and 1s dispensed at a temperature between
17.6° F. and 5.0° F. In some cases, the cooled and dispensed
tood or drink 1s composed ot 1ce crystals with a mean size of

less than 50 um.
[0153] FIG. 10 1s an enlarged schematic side view of the

pod 150. The mixing paddle 160 includes a central stem 228
and two blades 230 extending from the central stem 228.
The blades 230 are helical blades shaped to churn the con-
tents of the pod 150 and to remove mgredients that adhere to
inner surface of the body 158 of the pod 150. Some mixing
paddles have a smgle blade and some mixing paddles have
more than two mixing paddles.

[0154] Fluids (for example, liquid mgredients, air, or fro-
zen confection) flow through opemings 232 1n the blades 230
when the mixing paddle 160 rotates. These openings reduce
the force required to rotate the muxing paddle 160. This
reduction can be significant as the viscosity of the mgredi-
ents mcreases (€.g., as 1ce cream forms). The openings 232
further assist 1n mixing and aerating the ingredients within
the pod.

[0155] The lateral edges of the blades 230 define slots 234.
The slots 234 are offset so that most of the mner surface of
the body 158 1s cleared of mmgredients that adhere to mner
surface of the body by one of the blades 230 as the mixing
paddle 160 rotates. Although the mixing paddle 1s 160 wider
than the first end 210 of the body 158 of the pod 150, the
slots 234 are alternating slots that facilitate msertion of the
mixing paddle 160 mnto the body 158 of the pod 150 by
rotating the mixing paddle 160 during 1nsertion so that the
slots 234 are aligned with the first end 210. In another embo-
diment, the outer diameter of the mixing paddle are less than
the diameter of the pod 150 opening, allowing for a straight
insertion (without rotation) nto the pod 150. In another
embodiment, one blade on the mixing paddle has an outer-
diameter that 1s wider than the second blade diameter, thus
allowing for straight msertion (without rotation) mnto the pod
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150. In thus mixmng paddle configuration, one blade 1s
intended to remove (€.g., scrape) ingredients from the side-
wall while the second, shorter diameter blade, 1s mmtended to

perform more of a churning operation.
[0156] Some mixing paddles have one or more blades that

are hinged to the central stem. During msertion, the blades
can be hinged mnto a condensed formation and released 1nto
an expanded formation once mserted. Some hinged blades
are fixed open while rotating 1n a first direction and collap-
sible when rotating 1n a second direction, opposite the first
direction. Some hinged blades lock mto a fixed, outward,
position once 1nside the pod regardless of rotational direc-
tions. Some hinged blades are manually condensed,
expanded, and locked.

[0157] The mixmng paddle 160 rotates clockwise and
removes frozen confection build up from the pod wall 214.
Gravity forces the confection removed from the pod wall to
fall towards first end 210. In the counterclockwise direction,
the mixing paddle 160 rotate, lift and churn the mgredients
towards the second end 212. When the paddle changes
direction and rotates clockwise the ingredients are pushed
towards the first end 210. When the protrusion 165 of the
base 162 1s removed as shown and described with respect to
FIG. 9D, clockwise rotation of the mixing paddle dispenses
produced food or drink from the pod 150 through the aper-
ture 164. Some paddles mix and dispense the contents of the
pod by rotating a first direction. Some paddles mix by mov-
ing 1 a first direction and a second direction and dispense
by moving m the second direction when the pod 1s opened.
[0158] The central stem 228 defines a recess 236 that 1s
sized to receive the driveshatt 126 of the machine 100.
The recess and driveshatt 126 have a square cross section
so that the driveshaft 126 and the mixing paddle 160 are
rotatably constramned. When the motor rotates the driveshatt
126, the driveshaft rotates the mixing paddle 160. In some
embodiments, the cross section of the driveshaft 1s a differ-
ent shape and the cross section of the recess 1s compatibly
shaped. In some cases the driveshaft and recess are thread-
edly connected. In some pods, the recess contains a mating
structure that grips the driveshatt to rotationally couple the
driveshalit to the paddle.

[0159] FIG. 11 1s a flow chart of a method 250 implemen-

ted on the processor 122 for operating the machine 100. The
method 250 1s described with references to refrigeration sys-
tem 109 and machine 100. The method 250 may also be
used with other refrigeration systems and machines. The
method 250 1s described as producing soft serve ice cream
but can also be used to produce other cooled or tfrozen drinks
and foods.

[0160] The first step of the method 250 1s to turn the
machine 100 on (step 260) and turn on the compressor 186
and the fans associated with the condenser 180 (step 262).
The refrigeration system 109 then idles at regulated tem-
perature (step 264). In the method 250, the evaporator 108
temperature 1s controlled to remain around 0.75° C. but may
fluctuate by £0.25° C. Some machines are operated at other
1dle temperatures, for example, from 0.75° C. to room tem-
perature (22.0° C.). If the evaporator temperature 1s below
0.5° C., the processor 122 opens the bypass valve 190 to
increase the heat of the system (step 266). When the eva-
porator temperature goes over 1° C., the bypass valve 190
1s closed to cool the evaporator (step 268). From the 1dle
state, the machme 100 can be operated to produce ice
cream (step 270) or can shut down (step 272).
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[0161] After inserting a pod, the user presses the start but-
ton. When the user presses the start button, the bypass valve
190 closes, the evaporator 108 moves to 1ts closed position,
and the motor 124 1s turned on (step 274). In some
machines, the evaporator 1s closed electronically using a
motor. In some machines, the evaporator 1s closed mechani-
cally, for example by the lid moving from the open position
to the closed position. In some systems, a sensor confirms
that a pod 150 1s present 1n the evaporator 108 before these
actions are taken.

[0162] Some systems include radio frequency identifica-
tion (RFID) tags or other mtelligent bar codes such as
UPC bar or QR codes. Identification information on pods
can be used to trigger specific cooling and mixing algo-
rithms for specific pods. These systems can optionally read
the RFID, QR code, or barcode and identify the mixing
motor speed profile and the mixing motor torque threshold
(step 273).

[0163] The i1dentification information can also be used to
facilitate direct to consumer marketing (e.g., over the inter-
net or using a subscription model). This approach and the
systems described in this specification enable selling i1ce
cream thru e-commerce because the pods are shelf stable.
In the subscription mode, customers pay a monthly fee for
a predetermined number of pods shipped to them each
month. They can select their personalized pods from various
categories (e.g., 1ce cream, healthy smoothies, frozen cot-
tees or frozen cocktails) as well as their personalized flavors
(e.g., chocolate or vanilla).

[0164] The 1dentification can also be used to track each
pod used. In some systems, the machine 1s linked with a
network and can be configured to mnform a vendor as to
which pods are being used and need to be replaced (e.g.,
through a weekly shipment). This method 1s more efficient
than having the consumers go to the grocery store and pur-
chase pods.

[0165] These actions cool the pod 150 1n the evaporator
108 while rotating the mixing paddle 160. As the ice
cream forms, the viscosity of the contents of the pod 150
increases. A torque sensor of the machine measures the tor-
que of the motor 124 required to rotate the mixing paddle
160 within the pod 150. Once the torque of the motor 124
measured by a torque sensor satisfies a predetermined
threshold, the machine 100 moves 1nto a dispensing mode
(276). The dispensing port opens and the motor 124 reverses
direction (step 278) to press the frozen contection out of the
pod 150. This continues for approximately 1 to 10 seconds
to dispense the contents of the pod 150 (step 280). The
machine 100 then switches to detrost mode (step 282).
Frost that builds up on the evaporator 108 can reduce the
heat transfer etficiency of the evaporator 108. In addition,
the evaporator 108 can freeze to the pod 150, the first por-
tion 128 and second portion 130 of the evaporator can treeze
together, and/or the pod can freeze to the evaporator. The
cvaporator can be defrosted between cycles to avoid these
1ssues by opening the bypass valve 170, opening the eva-
porator 108, and turning off the motor 124 (step 282). The
machine then diverts gas through the bypass valve for about
1 to 10 seconds to defrost the evaporator (step 284). The
machine 1s programmed to defrost after every cycle, unless
a thermocouple reports that the evaporator 108 1s already
above freezing. The pod can then be removed. The machine
100 then returns to 1dle mode (step 264). In some machines,
a thermometer measures the temperature of the contents of

Aug. 10, 2023

pod 150 and 1dentifies when 1t 1s time to dispense the con-
tents of the pod. In some machines, the dispensing mode
begins when a predetermined time 1s achieved. In some
machines, a combination of torque required to turn the mix-
ing paddle, mixing motor current draw, temperature of the
pod, and/or time determimes when 1t 1s time to dispense the
contents of the pod.

[0166] If the 1dle time expires, the machine 100 automati-
cally powers down (step 272). A user can also power down
the machine 100 by holding down the power button (286).
When powering down, the processor opens the bypass valve
190 to equalize pressure across the valve (step 288). The
machine 100 waits ten seconds (step 290) then turns off
the compressor 186 and fans (step 292). The machine 1s
then off.

[0167] FIG. 12 1s a schematic of a refrigeration system
310 that includes the evaporator 108 and an expansion
sub-system 312. The retfrigeration system 310 1s substan-
tially stmilar to the refrigeration system 109. However, the
refrigeration system 310 mcludes the expansion sub-system
312 rather than the expansion device 184 shown in the
reirigeration system 109. The reifrigeration system 310
does not mclude the first bypass line 188 and the second
bypass line 190 that are part of the refrigeration system
109. However, some systems include the with the expansion
sub-system 312, the first bypass line, and the second bypass
line.

[0168] The expansion sub-system 312 mcludes multiple
valves to control expansion of the refrigeration flud.
These valves include a first fixed orifice valve 314, a second
fixed orifice valve 316, and a control valve 318. The control
valve 318 1s upstream from the second fixed orifice valve
316. The control valve 318 and second fixed orifice valve
316 arc 1 parallel with the first fixed orifice valve 314. The
expansion device has two modes to control the temperature
of the refrigerant entering the evaporator 108. In the first
mode, the control valve 318 1s open allowing the refrigerant
to flow to the second fixed onfice valve 316. In the first
mode, the refrigerant flows through both the first fixed ori-
fice valves 314 and the second fixed orifice valves 316. In
the second mode, the control valve 318 1s closed and the
refrigerant does not flow through the second fixed orifice
valve 316. All retrigerant lows through the first fixed orifice

valve 314.

[0169] As discussed with reterence to FIG. 4, the expan-
sion device 184 or expansion sub-system 312 receives a
high-pressure refrigerant and releases low-pressure refriger-
ant. This pressure drop cools the refrigerant. Larger changes
in pressure (AP) cause larger changes 1n temperature (AT).
In the second mode (1.¢., with control valve 318 closed), the
pressure drop through the expansion sub-system 312 will be
higher than 1 the first mode providing a lower evaporator
pressure and associated lower evaporator temperature. The
effect on heat transter of the increased temperature differen-
tial between the refrigerant and the contents of a pod 1n the
evaporator 108 1s offset to some extent by the fact that this
lower pressure refrigerant 1s less dense. Since the compres-
sor moves a fixed volume of refrigerant each compression
cycle, the mass tlow per cycle 1s reduced, which lowers heat
transfer. In the second mode of operation, there 1s a big tem-
perature difference between the pod and evaporator, requir-
ing large heat transier, which increases the amount of mass
flow needed.
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[0170] During mitial operation, the refrigeration system
310 1s 1n the first mode. The control valve 318 1s open and
the retrigerant flows through both the first fixed orifice valve
314 and second fixed orifice valve 316. This results 1n the
evaporator operating at around a temperature of -20° C. to
-10° C. At this temperature, the cooling system provides
more cooling capacity than it can at lower temperatures by
taking advantage of the higher density refrigerant passing
through the evaporator.

[0171] The pod 150 1s mnserted mto the evaporator 108
around room temperature (e.g., 22° C.). The mmtial differ-
ence 1n temperature between the evaporator 108 and the
pod 150 1s high. As a result, the heat transters rapidly from
the pod 150 to the evaporator 108. The difference between
the temperature of the pod 150 and the evaporator 108
decreases as the pod 150 cools and the transfer of heat
from the pod 150 to the evaporator 108 also slows. At this
point, the system 310 enters the second mode and the con-
trol valve 318 closes. The refrigerant flows only through the
first fixed orifice valve 314 and the AP between the refrig-
erant entering the first fixed orifice valve 314 and exiting the
first fixed orifice valve 314 increases. The AT also increases
resulting 1n a colder evaporator 108 with temperatures of
approximately -15° C. to -30° C. This reduces the cooling
capacity of the system, but increases the temperature differ-
ence between the pod and nest, which allows for quick final
freezing of the ice cream. In the second mode activated
when the temperature difference between the pod and eva-
porator reduces to the pomt of impacting heat transfer, the
lower refrigerant temperature augments the overall heat
transfer even through less mass 1s flowing 1n the system.
[0172] In some embodiments, the temperature of the eva-
porator 1n the first mode 1s above freezing. This configura-
tion can precool the evaporator before use and detrost the

evaporator after use.
[0173] 'The configuration of the refrigeration system 310

increases temperature control, which can reduce freezing
time and reduce the required compressor output. The reduc-
tion 1n required compressor output allows for a reduction 1
the size of the compressor.

[0174] In some refrigeration systems, the expansion sub-
system 1ncludes more than two valves. The multi-valve sub-
systems can have more than two modes, further mcreasing

temperature control.
[0175] In some refrigeration systems use other types of

valves such as, for example, thermostatic expansion valves
and electronic expansion valves. Both thermostatic expan-
sion valves and electronic expansion valves can adapt the
orifice s1ze based on various loads and operating conditions.
For example, the thermostatic expansion valves sense the
cvaporator outlet temperature of the retrigerant and adjusts
tlow through the thermostatic expansion valve to maintain
predetermined or desired operating conditions. The electro-
nic expansion valves are electrically actuated to adapt the
orifice s1ze based on evaporator outlet temperature and elec-
tronic signals from a control unit 371.

[0176] FIG. 13 1s a schematic of a refrigeration system
320 that mcludes a refrigerant line 322 that pre-chills a
tank 324 of water prior to entering the evaporator 108. The
refrigeration system 320 1s substantially similar to the
refrigeration system 109. However, the refrigeration system
320 includes the pre-chilling line 322 and omuats the first
bypass line 188 and the second bypass line 190 that are
part of the refrigeration system 109. Some systems include
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the first bypass line, the second bypass line, and the pre-
chilling line.

[0177] The refrigeration system 320 used mm machines
include the water tank 324. Machines with water tanks nject
fluid mmto the pod during mixing, for example, to dissolve
dry ingredients or dilute the contents of the pod. Chilled
water freezes more quickly than hot or room temperature
walter.

[0178] In use, a valve 326 1s operated to route refrigerant
through pre-chilling to route refrigerant exiting the expan-
sion device 184 through the pre-chilling line 322. The cold,
low-pressure refrigerant flows through the pre-chilling line
322 that 1s partially or fully disposed 1n the water tank 324.
If the water tank 324 1s filled with water, the pre-chilling line
322 1s partially or fully submerged 1n the water. The retrig-
crant cools the water 1 the water tank 324 and exits the pre-
chilling line 322. The refrigerant then enters the evaporator
108 to cool the evaporator 108.

[0179] FIG. 14 1s a schematic of a refrigeration system
328 that includes a thermal mass 330 disposed between the
compressor 186 and the condenser 180. The refrigeration
system 328 15 substantially similar to the refrigeration sys-
tem 109. However, the refrigeration system 328 includes the
thermal mass 330. The refrigeration system 328 does not
include the first bypass line 188 and the second bypass line
190 that are part of the retrigeration system 109. Some sys-
tems include the first bypass line, the second bypass line,
and the thermal mass 330.

[0180] The thermal mass may be, for example, ethylene
olycol and water mixture, saltwater, paraffin wax (alkanes)
or pure water. In some machines, the thermal mass 330 1s

disposed between the condenser 180 and heat exchanger

182.
[0181] The thermal mass 330 stores thermal energy and

releases thermal energy at a later ttme. When disposed on
between the compressor 186 and the condenser 180, the
thermal mass 330 stores heat emitted from the refrigerant.
At this point 1 the cycle, the refrigerant 1s a high-pressure
vapor. The condenser 180 1sothermally releases heat from
the high-pressure vapor to produce a high-pressure liquid.
Precooling the vapor refrigerant with the thermal mass 330
reduces the load of the compressor 186. When the machine
100 powers down, the thermal mass 330 releases heat mto
the environment and reaches an equilibrium at ambient
temperatures.

[0182] Some systems include both the second bypass line
and the thermal mass. The second bypass line redirects
refrigerant from the thermal mass, i1dling the refrigeration
system. During this 1dling period, the thermal mass releases

heat from previous cycles mto the environment.
[0183] FIG. 15 1s a schematic of a refrigeration system

332 that includes a pressure vessel 334, a first control
valve 336, and a second control valve 338. The pressure
vessel 334 can act as pressure reservorr that enables rapid
startup of the system and decreases the time required to cool
(e.g., to freezing) contents of a pod 1n the evaporator 108.
The refrigeration system 332 1s substantially similar to the
refrigeration system 109. However, the refrigeration system
332 includes the pressure vessel 334, the first control valve
336, and the second control valve 338. The refrigeration
system 332 further does not include the first bypass line
188 and the second bypass line 190 that are part of the
reirigeration system 109. Some systems include the first
bypass line, the second bypass line, the pressure vessel
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334, the first control valve 336, and the second control valve

338.

[0184] 'The first control valve 336 1s disposed between the
compressor 186 and the condenser 180. The second control
valve 338 1s disposed between the heat exchanger 182 and
the expansion device 184. The pressure vessel 334 1s dis-
posed between the condenser 180 and the heat exchanger
182. The refrigerant exits the compressor 186 at a high-pres-
sure and maintains that high-pressure until the hiquid refrig-
erant 18 released by the expansion device 184. The system
332 controls the position of the valves 336, 338 (¢.g., open

or closed) based on the desired outcome.
[0185] During normal operation of the system 332 (e.g.,

when cooling pods), both the first control valve 336 and
the second control valve 338 are open. Prior to 1idling, the
second control valve 338 closes and the first control valve
336 remains open. The compressor 186 continues to run for
a short time, for example, 1-5 seconds, before the first con-
trol valve 336 closes. After the first control valve 336 closes,

the compressor shuts down.
[0186] When the system 332 1s reactivated (e.g., to pro-

duce a serving of a cooled tood or drink), the compressor
186 restarts, the first control valve 336 opens, and the sec-
ond control valve 338 opens. Because high-pressure tluid 1s
already present 1n the pressure vessel 334, high-pressure
refrigerant flows through the expansion device 184 with
the pressure drop cooling the refrigerant. This approach
decreases the time required to cool the contents of a pod
relative to refrigeration systems that allow to system pres-
sures to return to ambient conditions when shutting down. It
the system 1s at ambient conditions, no pressure drop occurs
across the expansion valve mitially when restarting the sys-
tem. This approach has demonstrated to decrease the time
required to cool the contents of a 8-ounce pod from room
temperature to freezing to less than 90 seconds. The refrig-
eration system 332 1s able to cool the refrigerant quickly or
instantaneously when the system 332 mitiates or boots up.

for example prior to the msertion of a pod 150.
[0187] FIG. 16 1s a schematic of a refrigeration system

340 that includes a thermoelectric module 342. The thermo-
clectric module 342 1s also known as a thermoelectric cooler
or TEC. The thermoelectric module 342 converts electrical
energy mto the thermal energy and vice versa. The refrig-
eration system 340 1s substantially similar to the refrigera-
tion system 109. However, does not include the first bypass
line 188 and the second bypass line 190 that are part of the
reingeration system 109. Some systems include the first
bypass line, the second bypass line, and thermoelectric mod-
ule 342.

[0188] Thermoelectric module 342 1s a cooling element
disposed between the condenser 180 and the heat exchanger
182. The thermoelectric module 342 cools the refrigerant
that exits the condenser 180 prior to transterring heat to
the refrigerant vapor exiting the evaporator 108 1n the heat
exchanger 182. Cooling the liquid refrigerant prior to expan-
sion 1ncreases the cooling capacity of the system 340 and
reduce the required compressor output. The reduction n
required compressor output reduces the size of the compres-
sor needed.

[0189] FIG. 17 1s a schematic of a refrigeration system
344 that includes a thermal battery 346, a first battery bypass
valve 348, and a second battery bypass valve 350. The
relngeration system 344 1s substantially similar to the
refnigeration system 109but does not include the first bypass
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line 188 that 1s part of the refrigeration system 109. Some
systems with the thermal battery 346 and associated valves
also 1ncludes the first bypass line.

[0190] The thermal battery 346 has a first portion 352 that
1s disposed between the heat exchanger 182 and the expan-
sion device 184. The first battery bypass valve 348 1s dis-
posed on a first branch line 354 that bypasses the first por-
tion 352 of the thermal battery 346. When the first battery
bypass valve 348 1s open, a majority or all the refrigerant
flows through the first branch line 354. The thermal battery
346 has a high pressure drop. The refrigerant primarily
flows through the branch line 354 because the branch line
354 has a comparatively low pressure drop to the thermal
battery 346. When the first battery bypass valve 348 1s
closed, the refrigerant flows through the first portion 352
of the thermal battery 346.

[0191] The thermal battery 346 has a second portion 356,
thermally connected to the first portion 352, that 1s disposed
between the evaporator 108 and the heat exchanger 182. The
second battery bypass valve 350 1s disposed on a second
branch line 358 that bypasses the second portion 356 of
the thermal battery 346. When the second battery bypass
valve 350 1s open a majority or all of the refrigerant flows
through the second branch line 358. The thermal battery 346
has a high pressure drop. The refrigerant primarily flows
through the branch line 358 because the branch line 358
has a comparatively low pressure drop to the thermal battery
346. When the second battery bypass valve 350 1s closed,
the retrigerant flows through the second portion 356 of the

thermal battery 346.
[0192] The thermal battery 346 includes a thermal mate-

nial that retains heat. The thermal battery 346 includes a
reservoir 360 with a phase change material (¢.g., paratfin)
recerves heat or emts heat, depending on the position of the
first battery bypass valve 348 and the second battery bypass
valve 350. The thermal battery 346 1s described as using
paraffin as an example of a phase change material. Some
thermal batteries include other materials that retain heat or
expend heat, for example ethylene glycol and water mixture,

saltwater or pure water.
[0193] The thermal battery 346 emits heat from its second

portion 356 to the refrigerant when the first battery bypass
valve 348 1s open and the second battery bypass valve 350 1s
closed. It the paraffin 1s warm or melted, the cold refrigerant
will chill and solidify the paraffin 1n the reservoir 360. By
heating the low-pressure refrigerant, the thermal battery
reducing the likelithood that hiquid retrigerant will flow
into the compressor.

[0194] The thermal battery 346 recerves heat at the first
portion 352 from the refrigerant when the first battery
bypass valve 348 1s closed and the second battery bypass
valve 350 1s open. If the wax 1s solidified, the hot hquid
refrigerant will heat and melt the wax 1 the wax reservoir
360. If the wax 1s liquid, the hot refrigerant will continue to

heat the liquid wax 1n the wax reservoir 360.
[0195] On activation of the system 344 and during the

cooling cycle, both the first battery bypass valve 348 and
the second battery bypass valve 350 are open and little to
no refrigerant flows mteracts with the thermal battery 346.
At the end of the cooling cycle, the second battery bypass
valve 350 closes and the reservoir 360 cools due to the cold,
low-pressure refrigerant. As the next cycle begins with a
cooled battery, the second battery bypass valve 350 opens,
and the first battery bypass valve 348 closes. The first por-
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tion 352 of the thermal battery 346 then pre-cools the hot
liquad refrigerant exiting the condenser 180 via the heat
exchanger 182.

[0196] 'This configuration can prevent end-of-cycle com-
pressor flooding and can reduce the output of the compres-
sor by reducing the heat load on the compressor. Some
waxes may have a melting point 1n a range of 5° C. -
10° C., for example, Dodecane wax or Tridecane wax.
[0197] FIG. 18A 1s top view of an evaporator cover 127
and FIG. 18B 1s a top view of the body of the evaporator
108. The body of the evaporator 108 defines the channels
366 through which refnigerant flows to cool the evaporator
108. The channels 366 are open at a lip 367, as shown 1n
FIG. 18B, of the evaporator 108. The channels 366 are also
open at the opposite end of the evaporator 108 with a simi-
larly configured lip.

[0198] The cover 127 includes multiple recesses 174 that
align with four adjacent channels 366 of the evaporator 108
when the cover 127 1s attached to the body of the evaporator
108. Some covers mclude recesses that align with other
numbers of adjacent channels. The recesses 174 act as mani-
folds tfluidly connect the adjacent channels 366. The cover
127 on the opposite ends of the body of the evaporator are
circumterentially offset so that the two covers 127 and the
body of the evaporator 108 together define a serpentine flow
path through the evaporator 108.

[0199] 'The cover 127 has an inlet 370 and an outlet 372
that fluidly connects the evaporator 108 to the refrigeration
system 109. Refrigerant flows through the mlet 370, through
the channels defined by recesses m the body of the evapora-
tor 108 and the cover 127, and exits the evaporator 108
through the outlet 372. The refrigerant enters the mlet 370
as a cold fluid at a first temperature. As the refrigerant flows
through the flow path 368, the refrigerant warms and evapo-
rates due to the heat received by the evaporator 108 from the
pod 150. The pod 150 freezes due to this heat transfer. To
maintain a constant flow speed, the inlet 370 1s about
(.25 mches m diameter and the outlet 372 1s about
(.31 inches 1n diameter.

[0200] The living hinge 132 defines a connecting channel
373 that fluidly connects channels 1n the first portion 128 of
the evaporator 108 to channels 366 1n the second portion
130 of the evaporator 108. The connecting channel 373 1s
defined within the evaporator 108 near the lip 367 of the
evaporator 108. In some evaporators, the lip of the evapora-
tor defines a groove and the lid defines a corresponding
oroove so that the connecting channel 1s formed between
the groove of the Iid and the groove of the evaporator,
when the l1d and evaporator engage. Some connecting chan-
nel are defined within the cover 127. This configuration
defines the continuous flow path 368 from the inlet 370 to
the outlet 372 1n which channels 366 extend parallel to the

ax1s 369 and flow fluid parallel to the axis 369.
[0201] In some evaporators, the channels 366 connect

within the evaporator at the opposite end from the lip 367,
to form a “U” shape. When assembled, the cover 127 1s
disposed on the lip 367 of the evaporator 108. The channels
366 are a series of unconnected “U” shaped units. In each
unit, a first channel flows the refrigerant 1 a first direction
and a second channel flows the fluid 1n a second direction,
opposite the first direction.

[0202] 'The channels 366 extend parallel to an axis 369 of
the evaporator. In some evaporators, the channels do not
extend parallel to the axis but do extend parallel to each
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other. In some evaporators, the channels do not extend par-

allel to each other or parallel to the axis.
[0203] FIGS. 19A and 19B are perspective views of an

evaporator 380 without and with, respectively, its cover
127. The evaporator 380 1n FIGS. 19A and 19B operates
similarly to the evaporator 108 described in FIGS. 18A-
18B. However, the evaporator 380 includes recesses 382
that fluidly connect the second channel 3665 of a unit 371
to a first channel 3664 of a different umit 371. The cover 384
1s substantially similar to the cover 127. However, the cover
384 1s flat rather than recessed on the surface that abuts the
lip 367, and 1ncludes multiple mlets and outlets, rather than
a single mlet and a single outlet. The cover 384 includes a
first inlet 388 on the first portion 128, a first outlet 390 on the
first portion 128, a second mlet 392 on the second portion
130, and a second outlet 394 on the second portion. The first
inlet 388 and first outlet 390 are fluidly connected to form a
first flow path 396 on the first portion 128. The second nlet
392 and second outlet 394 fluidly connect to form a second
flow path 398 on the second portion 130. This configuration
forms two flow paths 396, 398 that flow refrigerant 1n par-
allel and does not use a hinge connector. To maintain flow
speed, the diameters of the flow paths 396, 398 are reduced
such that the divided flow paths have a similar flow area to
the originating tlow path.

[0204] When the cover 384 engages the evaporator 380,
the recesses 382 are closed and the evaporator 380 and
cover 384 torm the tlow paths 396, 398.

[0205] In the previously described evaporators, the units
371 have “One-up/One-down” configurations. In some eva-
porators, the units define “Two-Up/Two-Down” or “Three-
Up/Three-Down” configurations. This can maitain proper
flow speeds while minimizing the pressure drop within eva-
porator. Different flow path arrangements are needed for
different compressors and different cooling tasks. The num-
ber of parallel flow paths can be mcreased for larger com-
pressors and cooling loads and be reduced for smaller
requirements.

[0206] FIGS. 20A-20D are schematic views of flow paths
formed by the channels of the evaporator and recesses of its
cover 127. FIGS. 20A and 20B are views of the channels
defined within an evaporator. FIGS. 20C and 20D are per-

spective views of an evaporator and 1ts cover 127.
[0207] FIG. 20A 1s a flow path 402 that increases the num-

ber of channels 400 as the refrigerant evaporates. The refrig-
crant enters the inlet and tlows through one or more single
channels 400a. At the refrigerant evaporates, 1t expands 1n
volume and begins to move faster. The vapor may expand
about 50-70 times m specific volume. To slow the mixed-
phase refrigerant within the evaporator 108, the flow path
402 branches mto two parallel channels 4005 that connect
at the recesses 374 and within the evaporator 108 at a turn-
ing point 306. As the refrigerant evaporates more, the flow
path 402 branches again mto three parallel channels 400c¢
that connect at the recesses 374 and within the evaporator
108 at the turning point 306. In some evaporators, the “ITwo-
Up/Two-Down” configuration 1s maimtained for multiple
units. In some evaporators, the “Three-Up/Three-Down”
configuration 1s maintained for multiple units. In some eva-
porators, the flow path 1ncrease to a “Four-Up/Four-Down™
or “Five-Up/Five-Down” configuration. Increasing the
number of channels throughout the evaporator icreases
performance early i the evaporating process while limiting
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high wvelocity/pressure drop towards the outlet of the
evaporator.

[0208] FIG. 20B 1s a schematic of the flow path 402 with a
ramped recess 408 1n the cover 127 that acts as a manifold.
The ramped recess 408 has a smoothly increasing and
decreasing cross-sectional area that helps maintains the
flow speed of refrigerant flowimg through manifold. A
ramped cross section recess m the cover would help main-
tain flow velocities and also reduce pressure drop and flow
separation of liquid and gas refrigerant due to low tlow velo-
city areas.

[0209] FIG. 20C shows a tlow path 420 that includes a
first manifold at the bottom of the evaporator 108 and multi-
ple branches 424 extending towards the cover 127 from the
first manifold 422. The first manifold 422 connects to the
inlet 370. The branches 424 fluidly connect to a second
manifold 426 at the top of the evaporator 108. The second
manifold426 fluidly connects to the outlet 372.

[0210] The reirngerant flows from the inlet through the
first manifold 422, up the branches 424, and through the
second manifold 426 to the outlet 372. Vapor 1s less dense
than the liquad and tends to rise to the top. This preferential
tlow direction can create unpredictable tlow and pertor-
mance when flow direction 1s downward. This configuration
can increase thermal performance of the evaporator 108 by
tlowing refrigerant the 1n the same direction as the buoyancy
force present when the refrigerant 1s i vapor form.

[0211] FIG. 20D shows a flow path 430 that winds around
the evaporator 108. The tlow path 430 1s a spiral that follows
the outer diameter of the evaporator 108. This configuration
increases surface area and reduces pressure drop by redu-
cing or eliminating tight turns m the flow path 430. In
some evaporators, multiple hinge connectors are used to
connect the first portion of the evaporator and the second
portion of the evaporator when the flow path extends across
the first and second portion Some flow paths define a ser-
pentine passage on the first portion and a serpentine passage
on the second portion that are connected by a “transit pas-
sage” that spans the hinge.

[0212] FIGS. 21A-21C are views of the pod 150 and an
evaporator 438 with a closing mechamism 440. FIG. 21A 15 a
perspective view of the evaporator 438 and pod 150. FIG.
21B 1s a cross-sectional view of the pod 150 and the eva-
porator 438. FIG. 21C 1s a top view of the pod 150 and the
evaporator 438.

[0213] The closing mechanism 440 includes biasing ele-
ments (€.g., springs) that connects the first portion 128 of the
evaporator 438 to the second portion 130 of the evaporator
438. The closing mechanism 440 also includes a circumier-
ential cable 441 that extends around the outer diameter of
the evaporator. The cable 1s tightened close the pod and loo-
sened to open the evaporator.

[0214] 'The biasing eclement 1n evaporator 438 1ncludes a
first and second spring 442, 444 that bias the first portion
128 and the second portion 130 away from each other. The
living hinge 132 facilitates the movement of the first and
second portions 128, 130 such that the first and second por-
tions 128, 130 rotation about the hinge 132 due to the bias-
ing force of the springs 442, 444. In this configuration, the
evaporator 438 1s 1n the open position and a small gap 446
forms between the first and second portions 128, 130. The
c¢vaporator 438 1s 1 the open position when the cover 127 1s
in the open position. In some machines, the position of the
evaporator 18 mdependent from the position of the lid. In the
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open position, a small air gap exists between the evaporator
438 and the pod 150.

[0215] The evaporator 438 has a closed position 1n which
the airgap between the evaporator 438 and the pod 150 1s
celiminated to promote heat transfer. In some evaporators,
the air gap 1s simply reduced. In the closed position, the
oap 446 1s also eliminated. In some evaporators, the gap 1s
reduced rather than eliminated. To move from the open posi-
tion to the closed position, the closmg mechanism 440
applies a force 1n the direction of arrows 448 to overcome

the biasing force of the first and second springs 442, 444.
[0216] The closing mechanism produces a force within the

range of 10 to 1500 Ibs. To prevent crushing of the pod 150,
the mternal pressure of the pod 150 1s preferably equal to or
oreater than the force produced by the closing mechanism
440.

[0217] The closing mechanism 440 may be, for example,
an electromechanical actuator, a pulley system, a lever, pro-

jections on the lid, a ball screw, a solenoid, or a mechanical

latch.

[0218] FIGS. 22A and 22B are, respectively, side and
front views of an evaporator 108 with a closing mechanism
440 that includes two bolts 450 1nside springs 456. The bolts
450 bias the bar 466 away from flanges 464. Optionally, a
cable 468 1s recerved 1n a hole defined 1n the bar 466 and

extends around the evaporator 108.
[0219] FIG. 23A shows an evaporator 500 that can be pro-

duced primarily by extrusion. The evaporator 500 has a
body 510 with two end caps 512. The body 510 and the
end caps are produced separately and then assembled.

[0220] FIGS. 23B and 23C 1illustrate production of the
body 510. The evaporator body 510 1s produced by low
cost extrusion. The body 1s extruded with the channels 514
defined m the body 510 (see FIG. 23B). Each end of the
body 510 1s machined to provide a shoulder 516 that mates
with an end cap (see FIG. 23C). A wall 518 extends beyond

the shoulder 516.
[0221] FIGS. 23D and 23E are perspective views of an

end cap 512. The end caps 512 can be forged or machined.
The end caps 3512 provide the mounting, inlet/outlet, and

closure features of the evaporator S00. The end cap 512

has a sidewall 520 and an end wall 522.

[0222] The end cap 512 has multiple bosses 524 extending
outward from the sidewall 520. The bosses 524 can be used
for mounting and handling the end cap 512 and, after assem-
bly with the body 310, the evaporator 500. A port 526
extends through the sidewall 520. The port 526 of the end
cap 512 on one end of the evaporator S00 1s used as an nlet
and the port 526 of the end cap 512 on the other end of the
evaporator 500 1s used as an outlet.

[0223] FIG. 23F 1illustrates assembly of the evaporator
S00. The end cap 512 1s mounted on the shoulder 516 on
one end of the body 510. After mounting, the joints between
the evaporator body 510 and the end caps 512 are casily
accessible. This configuration facilitates use of laser weld-
Ing, vacuum brazing, friction stir welding or TIG welding to

attach the end caps 512 to the evaporator body 310.
[0224] FIGS. 23G and 23H illustrate the relationship

between the body 510 and the end cap 512 after assembly.
When assembled with the body 510, the sidewall 520 and
the end wall 522 of the end cap and the wall 518 of the body
510 define a chamber that acts as a manifold connecting the
channels defined 1n the body 510 of the evaporator S00. The
end cap 512 1s shown with “hollow” configuration for eva-
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porating up with all passages in parallel but 1t could be
adapted for a multipath design with multiple 180 degree
turnarounds.

[0225] FIG. 24 shows a configuration of the evaporator
S00 that incorporates an orifice plate 530. The orifice plate
530 1s disposed between the body 510 and the end cap 512.
The orifice plate 530 defines multiple orifices 532 that, after
assembly, are aligned with the channels 514 1n the body 510.
The orifice plate can be used to distribute flow evenly to the
channels 514 by accumulating refrigerant prior to the orifice
plate 530 and mjecting liquid-gas mixture equally to the
channels 514. In some cases, the orifices are i1dentical n
s1ze. In some cases, where there 1s likely to be maldistribu-
tion of flow between passages S14, the orifices can be dif-
ferent sizes.

[0226] FIG. 25 1s a perspective view of an embodiment of
the evaporator 380 described with reference to FIGS. 19A
and 19B with an mternal surface 470 made of a different
material than the remainder of the evaporator 380. The
inner surtace 470 1s mainly or completely formed of copper.
Copper has a higher thermal conductivity (approximately
391 W/mK) than alummum that has a thermal conductivity
of 180 W/mK. A high thermal conductivity moves heat
quickly and efficiently from the pod to the refrigerant. A
material with low thermal conductivity pass heat slower
and with less efficiency. The tendency of a component to
act as a heat sink 18 a function of both 1ts thermal conductiv-
ity and 1ts mass. Table 2 lists the thermal conductivity and
density of a variety of materials.

TABLE 2

Conductivity under standard conditions (atmospheric pressure and
293 degrees Kelvin)

Material Thermal conductivity [We m-! « K-
Acrylic glass 0.170 - 0.200
(Plexiglas V0451)

Alcohols, oils 0.100
Aluminium 237
Alumina 30
Boron arsenide 1,300
Copper (pure) 401
Diamond 1,060
Fiberglass or foam- 0.045
glass

Polyurethane foam (.03
Expanded 0.033 - 0.046
polystyrene

Manganese 7.810
Water 0.5918
Marble 2.070 - 2.940
Silica aerogel (.02
Snow (dry) 0.050 - 0.250
Tetlon 0.250

[0227] FIGS. 26A-26C are schematic views of claddings.
These claddings can be used 1n an evaporator that includes
both aluminum and copper. FIG. 26A shows an overlay
cladding 490. FIG. 26B shows an inlay clad 492. FIG. 26C
shows an edge clad 494. Cladding techniques as shown 1n
FIGS. 26A-26C are applied to the inner surface of the eva-
porator. Different clad techniques can imncrease heat transfer
and spread heat out, due to the high thermal conductivity of
COpper.

[0228] FIG. 27 1s an exemplary view of a material 480 that
includes microchannels 482. When the material 480 1s used
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to make, for example, evaporators, refrigerant flows through
the microchannels 482. The material 480 can be bent to
form an evaporator that cools the pod 150. The material
480 1s permanently deformed 1nto a cylindrical shape to cre-
ate a round evaporator. Such an evaporator has a high sur-
face arca which increases evaporator performance while
keep costs low.

[0229] FIGS. 28A-28C show a rotary compressor 350 that
1s used 1 some refrigeration systems mstead of the recipro-
cating compressor 186 previously described. The compres-
sor 550 includes a housmg 552 with an interior wall 553 that
defines an 1nterior cavity 554. An mlet 556 and an outlet S58
fluidly connect the imterior cavity 554 of the compressor 550
to other components of the refrigeration system. A pressure
valve 559 releases fluid when the fluid reaches a predeter-
mined pressure. A roller 560 with a circular cross section, 18
rotationally and axially constrained to a rod 562 that extends
through a bottom section of the housing 352. Some rollers
have ellipse shaped or gear shaped cross sections. The rod
562 1s attached ott center trom the circular cross section of
the roller 560. The rod 562 and roller 560 rotate relative to
the housing 557 using a motor (not shown). The roller 560 1s
arranged 1n the cavity 554 such that an edge 564 of the roller
560 extends to the mterior wall 553 of the housmg. In this
configuration, the roller 560 forms a seal with the housing
S557. The edge 564 of the roller 560 maintains contact on the
wall 5353 as the rod 562 and the roller 560 rotate within the
interior cavity 354. The housing 557 includes a notched area
566 for containing a compressed spring 568. The spring 568
abuts the roller S60. A rubber member 570 surrounds a por-
tion of the spring 568 to form a seal that extends from the
wall 553 to the roller 560. The spring 568 ¢xpands and con-
tracts as the roller 560 rotates within the 1nterior cavity 554,

to maintain the seal.
[0230] In FIG. 28A, the compressor 550 1s 1n a first state.

In FIG. 28B, the rotary compressor 550 1s 1 a second state
and m FIG. 28C, the rotary compressor 550 1s 1n a third
state. The rotary compressor S50 moves from the first state
to the second state, from the second state to the third state,
and from the third state to the first state. In the first state, the
roller 560 receives low-pressure pressure cool vapor from
the evaporator 108 via the inlet 556. The seal between the
contact edge 564 and the wall 553 and the seal between the
member 570 and the roller 560 define an mtake chamber 572
and a pressurizing chamber 574. In some rotary compres-
sors, additional seals are formed that increase the number
of chambers. The roller 560 rotates to compress and pressur-
1ze vapor 1n the pressurizing chamber 574 and to draw 1n
vapor to mtake chamber §72 trom the mlet 556. In the sec-
ond state, shown 1n FIG. 28B, the roller 560 conftinues to
rotate counterclockwise and increase the pressure of the
vapor 1n the pressurizing chamber 574 until the pressure
valve 559 releases the high-pressure vapor out of the com-
pressor 550. The intake chamber continues to receive low-
pressure vapor from the inlet 556. The compressed spring
568 cxtends into the mterior cavity 554 as the roller 560
rotates, to maintain connection between the member 570
and the roller 560. In the third state, shown in FIG. 28C,
the high-pressure vapor has been expelled tfrom the pressur-
1zing chamber 574 and the spring 568 1s compressed mto the
notched areca 566. In this state, only one seal 1s formed
between the contact edge 564 and the member 570. For a
brief period 1n the cycle the number of chambers 1s reduced
by one. At this state in the compressor 550, the mntake cham-
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ber 572 becomes the pressurizing chamber 574. The 1ntake
chamber 572 1s reformed when the contact edge 564 passes

the member 570 and two seals are formed, one by the mem-
ber 570 and roller 560 and the other by the contact edge 564

and the wall 553.
[0231] 'The rotary compressor performs the same thermal

duty as the reciprocating compressor at a much lower weight
and smaller size. The rotary compressor has a weight of
about 10 to about 18 Ibs. The rotary compressor has a dis-
placement of refrigerant of about 4 c¢c to about 16 cc. For
example, m some machines a 16 ¢¢c rotary compressor 18
used. The rotary compressor has a performance vs. weight

ratio of about 0.3 c¢/Ib to about 0.5 cc/lb.
[0232] FIGS. 29A and 29B are plots of evaporator tem-

peratures (e.g., evaporator 108) throughout a freezing
cycle 600. When a processor of the machine begins a freez-
ing cycle, refrigerant flows through the evaporator exchan-
oing heat from the ingredients (e.g., 1ce cream) within a pod
(e.g., pod 150) to the refrigerant. This causes temperature
differences between the evaporator inlet and the evaporator
outlet. Although discussed relative to 1ce cream, the con-
cepts apply to the freezing of other ingredients.

[0233] At the beginning of the freezing cycle 610 (e.g.,
within the first 20-30 seconds of the freezing cycle 610
and/or within the first halt of the freezing cycle 610), the
temperature of refrigerant passing through the inlet of the
cvaporator (denoted as the evaporator mlet temperature
602) decreases rapidly. In the example shown, the evapora-
tor mlet temperature 602 decreases from 5-15°C. to-15° C.,
which 1s below the freezing poimnt of 1ce cream, within 20-
30 seconds of beginning the freezing cycle 610. The refrig-
crant passing through the outlet of the evaporator (denoted
as the evaporator outlet temperature 604) 1s greater than
5° C. for the same period of time. The temperature differ-
ence between the evaporator mlet temperature 602 and the
evaporator outlet temperature 604 1s greater than 15° C. at
the beginming of the freezing cycle 610 (¢.g., for at least a
portion of the first 20 seconds of the freezing cycle). In some
systems, the temperature difference 1s greater than 20° C.
within 15 seconds of begmning the freezing cycle 610 or
greater than 25° C. within 20 seconds of begmning the
freezing cycle 610. The temperature difference can also be
oreater than 15° C. for a duration of at least 20 seconds
within 30 seconds of begmning the freezing cycle 610.
[0234] As the 1ce cream freezes, thermal energy 1s trans-
ferred from the pod to the evaporator which mmcludes the
reingerant. The size and shape of the evaporator intluence
the effectiveness of this heat transfer. One measure of etfec-
tiveness of the evaporator in extracting heat from the 1ce
cream 1s 1ndicated by the temperature of the refrigerant at
the evaporator outlet (e.g., the evaporator outlet temperature
604). An evaporator outlet temperature 604 larger than the
temperature of the refrigerant at the evaporator nlet (e.g.,
the evaporator inlet temperature 602) 1s an indication that
heat 1s absorbed from the 1ce cream. A large temperature
difference between the evaporator outlet and the evaporator
inlet results from heat transter due to effective mixing and/
or a minimal gap between the evaporator and the pod. The
freezing cycle 600 continues until the desired temperature of
the 1ce cream 1s reached. The ending of the freezing cycle
612 corresponds to when the machine ends the freezing
cycle 600.

[0235] For example, during a first portion 614 (¢.g., within
the first 0-30 seconds) of the freezing cycle 600, the eva-
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porator 1nlet temperature 602 1s about -15° C. and the eva-
porator outlet temperature 604 1s about 10° C. Because of
the large temperature difference, the first portion 614 1s
associated with a high heat transter. While high heat transter
1s present, the outlet temperature 1s above the freezing pomt
of the 1ce cream because the refrigerant has become super-
heated as the refrigerant travels through the evaporator and
absorbs heat from the pod. In this example, the refrigerant
becomes superheated as the refrigerant travels through the
evaporator from the evaporator mlet to the evaporator outlet.
The refnigerant passes through the evaporator outlet in a
superheated state during the first 30 seconds of the freezing
cycle 600. The refrigerant passes through an evaporator out-
let 1 a superheated state during at least part of the first half
of the freezing cycle and the refrigerant passes through the
evaporator outlet in a non-superheated state by the end of
the freezing cycle.

[0236] Since the temperature 1s above the freezing point of
the 1ce cream, a portion of the evaporator that 1s above the
freezing point of 1ce cream does not contribute to freezing
the 1ce cream during this first portion 614 of the freezing
cycle 600. The evaporator 1s less effectively transierring

heat from the 1ce cream during the first portion 614.
[0237] In contrast, during the second portion 616 of the

freezing cycle 600 (e.g., the remainder of the freezing
cycle 600 and/or the second halt of the freezing cycle
600), the temperature of the retrigerant passing through the
outlet (e.g., evaporator outlet temperature 604) decreases to
about -15° C., which 1s substantially similar to the evapora-
tor inlet temperature 602 (e.g., within a 5° C. temperature
difference). The temperature difference between the eva-
porator mlet temperature 602 and the evaporator outlet tem-
perature 604 1s less than 5° C. at the end of the freezing
cycle 610. The duration of the freezing cycle 610 1s about
2 minutes, but 1n other cases the duration of the freezing
cycle 610 1s less than 2 minutes (¢.g., 110 seconds, 100 sec-
onds, 90 seconds, or less than one minute.). The temperature
difference between the evaporator mlet temperature 602 and
the evaporator outlet temperature 604 varies between a dif-
ference greater than 25° C. within the first 20 seconds of
beginning the freezing cycle 610 and a difference less than
5° C. by the end of the freezing cycle 610.

[0238] FIG. 29A also shows that the temperature differ-
ence between the evaporator inlet temperature 602 and the
evaporator outlet temperature 604 1s less than 5° C. within
1 minute of beginning the freezing cycle 610. The tempera-
ture difference of less than 5° C. 1s maintamned for the
remainder of the freezing cycle 610 (e.g., the remaining
1 mimute of a 2 minute freezing cycle 610).

[0239] The temperature difference between the evaporator
inlet temperature 602 and the evaporator outlet temperature
604 being less than 5° C. by the end of the freezing cycle
610 The evaporator 1s no longer effectively cooling the 1ce
cream once the temperature difference 1s less than 5° C. This
1s because the mgredients of the pod adjacent to the sidewall
of the pod are already cooled down to the refrigerant tem-
perature Hlowing through the inlet of the evaporator (e.g.,
evaporator inlet temperature 602). However, even though
the mgredients adjacent to the sidewall of the pod are at
the desired temperature, the pod might also include warmer
ingredients that require further cooling. This 1s why 1t 1s
important to mix the ingredients using the mixing paddle
durmng the freezing cycle to allow the warmer mgredients
within to move to the cooler sidewall of the pod. This 1s
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also why 1t 1s important to continue the freezing cycle for
some time even aiter the temperature difference between the
cvaporator inlet temperature 602 and the evaporator outlet
temperature 604 1s less than 5° C. (e.g., so that all the ingre-
dients within the pod have sufficient time to cool down to
below the freezing temperature of the mgredients). The
duration of the freezing cycle 1s designed strike a balance
between freezing all (or at least 90% of the ingredients of
the pod) reducing nisk to the compressor, and managing the
transient nature of freezing a serving of 1ce cream on-
demand.

[0240] Once the temperature ditference between the eva-
porator mlet temperature 602 and the evaporator outlet tem-
perature 604 1s less than 5° C., less thermal energy 1s being
transterred trom the 1ce cream to the evaporator. This lower
heat transter 1s driven by the lower temperature differences
between the 1ce cream temperature and the refrigerant and
the effectiveness of mixing highly viscous 1ce cream and
exposing warm 1ce cream to the cold wall of the pod. The
second portion 616 1s associated with a low heat transfer
section. The evaporator 1s not effectively transferring heat
from the 1ce cream during the second portion 616. Once the
temperature difference between the evaporator mlet tem-
perature 602 and the evaporator outlet temperature 604 1s
less than 5° C., that temperature difference 1s often main-
tained for the duration of the freezing cycle.

[0241] FIG. 29B 1illustrates the freezing cycle 600 with
three markers. The first marker 620 represents a time of
the freezing cycle 600 with high heat transfer, the second
marker 622 represents a time of the freezing cycle 600
with transitional heat transfer, and the third marker 624
represents a tume of the freezing cycle 600 associated with
low heat transfer. These markers 620, 622, 624 are further
described with reference to FIGS. 30A-30H.

[0242] FIGS. 30A-30H 1llustrate the spatially varying heat
along the length of the evaporator associated with the three
markers 620, 622, 624 introduced with respect to FIG. 29B.
FIG. 30A 1illustrates a cross-section of an evaporator 700 for
cooling a pod with an inlet 702 and an outlet 704. Evapora-
tor 700 1s substantially similar to evaporator 108 of machine
100. The inlet 702 and outlet 704 diameters of the evapora-
tor 700 channels are 5/16 inches (0.313 inches). The weight
of the evaporator 700, including u-shaped micro-channel
covers and manifolds on both ends without handles 1s
0.59 Ib. In some examples, the weight of the evaporator
700, including u-shaped micro-channel covers and mani-
folds on both ends without handles 1s between 0.7 1Ib and
1.0 1b dry (e.g., without refrigerant). The weight of the
refngerant 1s between 70 grams and 150 grams (e.g.,
between 80-90 grams). In this case, the weight of evaporator
700 with 150 grams of refrigerant within the channels 1s
1.03 1b -1.33 1b. A diameter of the u-shaped micro channels
1s 0.086 1n. An aggregate length of the u-shaped micro-
channels around the circumference of the evaporator 1s
175 . The heat transter surtace area (evaporator 700 inter-
nal diameter surface area) 1s 26.5 m?. Some evaporators
have other dimensions.

[0243] FIG. 30B illustrates the evaporator 700 “unrolled”
to mdicate a linear dimension representing the curved path
the refrigerant traverses through the evaporator 700. FIGS.
30C-30H arc temperature plots of the temperature along the
length of the evaporator for the three markers 620, 622, 624
introduced 1n FIG. 29B.
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[0244] FIG. 30C shows “hot” and “cold” regions 718, 716,
of temperature along the evaporator 700 at the first marker
620. The hot and cold regions 718, 716 are not mtended to
represent absolute or specific temperatures. The hot and cold
regions 718, 716 simply 1llustrate a temperature difference,
where the hot region 718 has a higher temperature than the
cold region 716. In the example shown, the first marker 620
represents about 15-20 seconds 1nto the freezing cycle 600
and the evaporator 1nlet temperature 602 1s -18° C. with the
refrigerant being a liquid and gas mixture.

[0245] As shown 1n FIG. 30C, the evaporator mlet 702 1s
cold and the evaporator outlet 704 1s hot. FIG. 30C shows
that about 75% of the evaporator length 1s hot at this point in
the cycle despite the first marker 620 being associated with a
high heat transter process, as previously described. The
“evaporator length” 1s a circular path around the evaporator
700 between evaporator mlet 702 and the evaporator outlet
704. As the “cold” refrigerant enters the evaporator 700
through the evaporator mlet 702, the refrigerant causes a
large amount of heat transfer from the pod along a first por-
tion (associated with the cold region 716) of the length of
the evaporator 700. Once the heat 1s transierred from the 1ce
cream during the freezing cycle, the evaporator temperature
increases and becomes “hot” and remains hot for a second
portion (associated with the hot region 718) of length of the
evaporator 700. The temperature along an inner surface of
evaporator 700 increases along a circumierential direction
during the freezing cycle 600. In this example, a majority
of the evaporator length contains vaporized refrigerant
within 20 seconds of beginning the freezing cycle 610.
[0246] FIG. 30D 1llustrates that, once the refrigerant in the
evaporator 1s fully vaporized 710 and enters a superheated
state, the temperature of the refrigerant and the temperature
of the mside surtace of the evaporator begin to rise. Once the
temperature of a part of the length of the evaporator 700
becomes greater than the i1ce cream freezing temperature
712, that part of the length of the evaporator 1s no longer
effective 1 freezing 1ce cream. In the example shown 1n
FIG. 30D, the actual 1ce cream temperature 714 1s above
the 1ce cream freezing temperature 712 for a majority of
the length along the evaporator (approximately 75%). The
evaporator outlet temperature 606 1s about 10° C. (corre-
sponding to the result seen 1 FIG. 29B). As previously
described, the first portion 716 allows effective heat transfer,
but since heat 1s not effectively transferred from the ice
cream to the evaporator 700 along the second portion 718,
the evaporator 700 as a whole 1s undersized.

[0247] The underperformance of the evaporator 700 can
be caused by several factors. When a substance boils (or
freezes) 1t happens at a constant temperature due to 1ts latent
heat of vaporization. The evaporator outlet temperature 604
1s above the evaporator mlet temperature 602 during the first
portion 614 of the freezing process 600 because the liquad
1ce cream 1s easily mixed and transters heat to the refrigerant
within the evaporator 700. Once the refrigerant 1s comple-
tely vaporized, any additional heat raises the temperature of
the refrigerant gas, causing the refrigerant gas to become
superheated.

[0248] FIG. 30E shows “hot” and “cold” regions 718, 716,
of temperature along the evaporator at the second marker
622. In the example shown, the second marker 622 occurs
about 35 seconds mto the freezing cycle 600 and the eva-
porator 1nlet temperature 602 1s -18° C. with the refrigerant
bemng a liquid and gas mixture. FIG. 30E shows that about
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35% of the evaporator length 1s hot at this point 1n the cycle
and about 65% of the evaporator length 1s cold. In this
example, a majority of the evaporator length contains a
liquad-gas mixture of refrigerant within 35 seconds of begin-
ning the freezing cycle 610.

[0249] FIG. 30F 1s a temperature plot of the evaporator
700 for the second marker 622 corresponding to FIG. 30E.
Once the temperature of a portion of the length of the eva-
porator 700 becomes greater than the i1ce cream freezing
temperature 712, that part of the length of the evaporator 1s
no longer effective 1n freezing 1ce cream. In the example
shown m FIG. 30F, the actual ice cream temperature 714
1s above the 1ce cream freezing temperature 712 for a por-
tion of the length along the evaporator (approximately
353%). The evaporator outlet temperature 606 1s about
2° C. (corresponding to the result seen 1 FIG. 29B). In
this case, the evaporator 1s still undersized because the entire
length of the evaporator 1s not contributing to freezing the
1ce cream. Furthermore, the temperature difference between
the evaporator outlet temperature 604 compared to the eva-
porator 1nlet temperature 602 1s lower than the results for the
first marker 620 1ndicating that the overall heat transter 1s

lower as well.
[0250] FIG. 30G shows the “cold” region 716 of tempera-

ture along the evaporator at the third marker 624. In the
example shown, the third marker 624 represents about
90 seconds mto the freezing cycle 600 and the evaporator
inlet temperature 602 1s -18° C. with the refrigerant being a
liquad and gas mixture. FI1G. 30G shows that all of the eva-
porator length 1s cold at this point 1n the cycle. In this exam-
ple, the entire evaporator length contains a liquid-gas mix-
ture of reifrigerant within 90 seconds of beginning the
freezing cycle 610.

[0251] FIG. 30H 1s a temperature plot of the evaporator
700 for the third marker 624 corresponding to FIG. 30G.
The actual 1ce cream temperature 714 1s below the 1ce
cream freezing temperature 712 for the entire portion of
the length along the evaporator 700. This corresponds to
the low heat transier section of the second portion 616 of
the freezing cycle 600. Since the refrigerant enters and
exits the evaporator 700 at substantially the same tempera-
ture, the refrigerant 1s not fully vaporized (1.€., not super-
heated) at the evaporator outlet 704. This 1s characteristic
ol an oversized refrigerant system.

[0252] The reduction of heat transter during the third mar-
ker 624, and generally to the second portion 616, can be
caused by the difficulty 1n mixing 1ce cream as 1t hardens
and the time mvolved 1n moving the ice cream tfrom the
warm center of the pod to the cold sidewall of the pod.
Sometimes the 1ce cream 1s ditficult to mix using a mixing
paddle (e.g., mixing paddle 160) because 1t 1s mostly frozen
at this point during the freezing cycle 600. In this case, the
refrigerant enters and exits the evaporator 700 as a hiquid-
gas mixture instead of 100% gas, as 1t does during the first
portion 614 of the freezing cycle 600. The system 15 over-
sized partly because the pod has already been cooled, but
also because 1t 1s difficult to physically mix the 1ce cream
well enough to expose 1t to the cold sidewall of the pod. The
refrigeration system 1s oversized at the end of the freezing
cycle 600 because refrigerant 1s leaving the evaporator 700
not fully vaporized. This means that liquad refrigerant that
should have been used to freeze the 1ce cream was not used.
The refrigeration system has too much capacity or 18 over-
s1ized at the end of the freezing cycle 600.

Aug. 10, 2023

[0253] Retferring back to FIGS. 30C and 30D, one
approach to improve the undersized heat transfer effective-
ness 18 by maintaiming the cold refrigerant temperature for a
longer length along the evaporator 700 without i1t vaporizing
or becoming superheated.

[0254] One approach to improving heat transfer effective-
ness 1s to rotate the mixing paddle counter to the direction
the refrigerant flows through the evaporator 700. The rota-
tion of the mixing paddle 1n a direction opposite to an over-
all flow direction of refrigerant through the evaporator from
the evaporator 1nlet to the evaporator outlet causes the warm
ice cream from the refrigerant outlet side of the evaporator
700 to be scrapped from the sidewall of the pod and moved
toward the refrigerant inlet side where the evaporator tem-
peratures are lower. Rotation of the mixing paddle also
causes at least a portion of the mngredients within the pod
to move from a warmer region within the pod to a cooler
sidewall region of the pod. The sidewall region 1s 1 direct
contact with a portion of evaporator length having a tem-
perature below a freezing temperature of the ice cream
ingredients within the pod.

[0255] Since the pod wall 1s stationary and will be cold
near the let side of the evaporator 700, the 1ce cream that
1s moved to this portion of the pod will freeze quicker, thus
improving the overall heat transter of the heat from the 1ce
cream to the evaporator 700. This 1s supported by thermo-
dynamics which states that the heat transferred 1s propor-
tional to the temperature difference. So by moving the
warmest 1ce cream to the cold pod wall, overall heat transter
1s 1improved. By rotating the mixing paddle counter to the
reirigerant flow of the evaporator 700, the freezing time of
ice cream 18 reduced by 1-2% which 1s significant when
freezing the 1ce cream 1n approximately 60 seconds.

[0256] Some evaporator use multiple parallel refrigeration
flow paths, as previously shown in FIG. 20. For example, an
evaporator with multiple parallel flow paths where the
reirigerant flow travels opposite to the auger mixing direc-
tion provided a suflicient evaporator mass velocity 1s
achieved. In some cases, a sufficient evaporator mass velo-
city 18 a mass velocity above 75,000 lb/hrit2. This mass
velocity 1s also dependent on the compressor used in the
refrigeration system. For example, the current refrigeration
system uses evaporator mass velocity of 91,500 Ib/hrit2. In
some cases, a multiple parallel flow path evaporator 1s used
to reduce the pressure drop of the refrigerant as 1t passes
through the evaporator.

[0257] Some evaporators include an “S” pattern of chan-
nels to achieve the parallel refrigeration flow paths. Some
evaporators mnclude many equally-spaced channels arranged
around the circumference of the evaporator where each
channel 1s parallel to an axis of the mixing paddle. The
refrigerant flowing mto the evaporator mlet 1s split mto
some of these channels and allowed to turn around at the
end of the channel and traverse through a second parallel
channel 1n the opposite direction, while generally flowing
counter to the mixing paddle direction of rotation. For
example, some evaporators mclude 45 channels around the
circumierence and are configured with 5 parallel paths of 9
passes up and down through the tubes. This can be com-
pared to FIGS. 20A-20D which illustrates the parallel
paths of the evaporator. Each respective pass up and down
the tubes moves the refnigerant mn a direction against the
direction of rotation of the mixing paddle.
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[0258] An efficient path 1s one that balances flow velocity
(higher 1s better for increased thermal performance) with the
pressure differential created as a result of that flow (lower
mass flow means lower pressure differential). Combining
the concept of an efficient flow path and increasing the tem-
perature difference of the 1ce cream to the evaporator
improves heat transfer. One approach 18 to maximmize the
flow velocity, but since this 1s associated with an increased
pressure drop, the compressor needs to be able to handle the
increase 1n pressure drop. Since the ASHRAE number asso-
ciated with the evaporator 1s a measure of mass velocity or
mass flow rate per unit area of a passage, the ASHRAE
number does not change by rotating the mixing paddle
counter to the refrigerant direction.

[0259] Other solutions include changing mixer RPM,
mixer direction, mixer geometry and mixer coatings that
promote 1ce cream shedding from mixer. For example,
reversing the muxing direction could dislodge hardened or
stuck 1ce cream and aid to mix 1t ito the surrounding pro-
duct. This would result 1 a consistent temperature of the 1ce
cream.

[0260] For example, an evaporator with a sigle passage
of refrigerant flowing opposite to the direction of the mixing
paddle gives improved heat transfer at the first marker 620,
as previously described. The RPM of the mixing paddle 1s
preferably slow at this stage 1n the freezing process to avoid
adding unnecessary frictional heat to the 1ce cream. As the
1ce cream Ireezes it hardens, which occurs around the third
marker 624. The RPM of the mixing paddle 1s varied to
promote consistent 1ce cream mixing. For example, the cur-
rent mixing paddle rotates at 500 RPM at the begimmnming 610
of the freezing cycle and ncreases to 775 RPM at the end
612 of the freezing cycle 600. However, other RPMs can be
used. Reversing the direction of rotation of the mixing pad-
dle one or more times near the end 612 of the freezing cycle
600 also allows hard 1ce cream to break up and evenly cool.
[0261] FIG. 31 1s an evaporator 750 for freezing ice
cream. Evaporator 750 1s substantially similar to evaporator
700 but includes a thermoelectric cooler (TEC) 732 (e.g., a
Peltier cooler) attached to the evaporator 750. Relrigerant
flows through the evaporator 750 1n direction 770. The
flow of refrigerant through the evaporator 750 1s substan-
tially similar to the flow of retrigerant shown in FIGS.
J0A-30H. The evaporator inlet 764 will generally be cold,
but the evaporator outlet 756 may be hot depending on
which part of the freezing cycle 600 1s underway and
whether or not the TEC 752 1s used. The TEC 752 15 sub-
stantially similar to the thermoelectric module 342, but 1s
used at the evaporator outlet rather than the condenser outlet
as shown 1n FIG. 16. The TEC 732 1s thermally attached to
the body 754 of the evaporator near the outlet 756 of the
evaporator provides a supplemental method to freeze the
pod. Since the TEC 732 1s ¢lectrically powered, the TEC
752 does not draw from the thermal capacity of the evapora-
tor. By attaching the cold side 762 of the TEC 752 to the
cvaporator body 754, the TEC 752 reduces the temperature
of the evaporator outlet 756 to below the freezing point of
the 1ce cream. By connecting the hot side 760 of the TEC
7352 to the evaporator outlet 756, heat 1s transferred from the
TEC 732 to refrigerant that has passed through the evapora-
tor outlet 756 and 1s moving to the compressor. In other
words, the hot side 760 transfers heat to a channel 758 that
heats the refrigerant that has exited the evaporator 750.
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[0262] At the beginming of the cooling cycle when the sys-
tem 18 undersized (1.¢., the first part of the refrigeration cycle
where a portion of the evaporator 1s above the freezing point
of 1ce cream), the TEC 752 1s put into a cooling mode. With-
out a TEC, the outlet of the evaporator 1s typically approxi-
mately 30° F. - 60° F. during the first portion 614 of the
freezing cycle 600 and too warm to freeze 1ce cream. By
connecting the cold side 762 of the TEC 732 to the evapora-
tor body 754 near the evaporator outlet 756 and the hot side
760 of the TEC 7352 to the evaporator outlet channel 738,
one can cool the evaporator and freeze the 1ce cream touch-
ing the sidewall of the pod which improves the etfectiveness
of the evaporator 750. This 1s advantageous when the eva-
porator 750 1s undersized. Including the TEC 752 m the
relrigeration system allows the i1ce cream to cool faster
than not having the TEC 752. The TEC 752 consumes ¢lec-
trical energy, but since the 1ce cream freezing process 1s only
operational for a short period of time (e.g., vs. a conven-
tional refrigerator), power consumption 1s less i1mportant
than the benefits to reduce freezing time of the i1ce cream.

[0263] Some refrigeration systems use the TEC 732 to
regulate the temperature of the evaporator 750. Some refrig-
eration systems use the TEC 752 to detrost the evaporator
750 after the freezing cycle 600 15 complete. Defrosting 1s
implemented by changing the electrical current flow direc-
tion (1.€., by running it 1 reverse). When this 1s performed,
the cold side switches to the hot side and the evaporator 750
will be heated instead of cooled. Using the TEC 752 to
defrost the evaporator 750 reduces noise of the refrigeration
system by eliminating the “clicking” noise from the hot gas
solenoid valve. Using the TEC 752 to defrost the evaporator
750 1s also advantageous because the temperature of the
cvaporator 750 can be controlled more accurately since con-
trolling temperature 1s difficult with a simple bang-bang
control of the solenoid valve. For example, when using the
hot gas solenoid valve, the evaporator temperature varies by
10° C. total and the evaporator outlet varies by 2° C. total.
This 1s not preferable and using the TEC 752 provides
approximately 1° C. of total variation. The second bypass
lime 190 shown 1n refrigeration system 109 1s also used to
defrost an evaporator so the TEC 752 would be used 1n tan-

dem to this second bypass line 190 or used to replace it.
[0264] Some refrigeration systems use the TEC 732 to

protect the compressor from receiving hiquid that was not
vaporized by the evaporator. For example, if liquid enters
the compressor 1t can be damaged and can eventually fail.
One advantage of using the TEC 752 1s to vaporize liquid
that remains 1n channel 758 before 1t reaches the compres-
sor, so the refrigerant 15 100% gas when 1t reaches the com-
pressor. Using the TEC 7352 to vaporize the refrigerant 1s
also a purpose of the capillary tube assembly so these com-
ponents can work m tandem to each other, but they can also
work independently of each other.

[0265] Some refrigeration systems use the TEC 752
located at the evaporator outlet 756 to increase the mass
flow of the refrigerant system. The additional heat causes
an increase of the temperature of the gas returning to the
compressor. The increased temperature corresponds to a
higher density gas, which corresponds to an increased
mass flow 1 the system. Since the compressor 1s a fixed
volume device, increasing the gas density means increasing
the mass compressed per stroke (or revolution) of the com-
pressor. In general, increasing the mass flow means mncreas-
ing the thermal performance of the refrigeration system.
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[0266] Some refrigeration systems switch the TEC 752 on
and off as needed throughout the freezing cycle 600. For
example, when one or more temperature sensors detect
that the evaporator 750 1s undersized, the processor of the
machine compares the temperature of the evaporator outlet
604 to the temperature of the evaporator inlet 602. When the
temperature difference 1s above a threshold, the TEC 752 1s
turned on. The machine continues to monitor the tempera-
ture of the evaporator outlet 604 and the evaporator inlet
602. An indication that the TEC 7352 1s effective 1s when
the temperature of the evaporator outlet 604 begins to
decrease. The processor of the machine switches the TEC
752 off when not needed n the freezing cycle 600. For
example, the processor of the machine would turn on the
TEC 7352 at the start 610 of the freezing cycle 600 and the
TEC 752 would remain on until the evaporator outlet tem-
perature 604 1s lower than the 1ce cream freezing tempera-
ture (about -4° C.), at which pomnt the processor of the
machine would turn oif the TEC 752.

[0267] Some refrigeration systems include one or more
TECs that covers the entire surface arca of an evaporator
7350. In general, the larger the TEC, and the larger the sur-
face area 1n contact with the evaporator 750, the more heat
that 1s transterred for a given temperature difference. Some
relrigeration systems mclude one or more TECs that cover
the entire vertical height of the evaporator near the outlet of
the evaporator. For example, some refrigeration systems
include two square-shaped TECs that are vertically oriented
with respect to each other so that the entire height of the
evaporator near the outlet 1s thermally connected to each
TEC. The TECs are 50 mm square and connected to the out-
side diameter of the evaporator via a metallic heat spreader.
The spreader 1s used since the outside diameter of the eva-
porator 1s curved and the TECs are flat. The evaporator out-
let loops back towards the evaporator and passes through an
aluminum block attached to the opposite (hot) side of each
TEC.

[0268] The effectiveness of the refrigerant system also
depends on the amount of refrigerant (or charge) m the sys-
tem. While the amount of refrigerant 1n the refrigerant sys-
tem can be increased during fabrication of the machine to
reduce the undersized performance during the first portion
614 of the freezmg cycle 600, this would mcrease the
chance of compressor damage by sending more liquid to
the compressor during the second portion 616 of the freez-
ing cycle 600. Hence, sumply adding refrigerant to the
relngerant system to increase cooling capacity can be
problematic.

[0269] Some refrigerant systems include a thermal expan-
sion valve to regulate the ftow rate 1n the refrigeration sys-
tem. However, use of a thermal expansion valve can be
incompatible with capillary tube systems (e.g., capillary
tube system 182) to reduce the pressure of the refrigerant
betore 1t reaches the evaporator. Capillary tube systems typi-
cally do not respond to sudden changes 1n heat load, as 1s the
case with freezing individual or small portions of 1ce cream.
Capillary tube systems tend to be used 1n fixed heat load
applications, such as conventional food freezers, and have
a smgle flow rate that optimizes performance of the system.
Since the refrigeration system includes a capillary tube sys-
tem, the use of a thermal expansion valve to regulate the
charge of the refrigeration system 1s not preferred. Thermal
expansion valves can respond too slowly to be effective n
controlling the performance of this refrigeration system,
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where the freezing cycle time 1s approximmately 1 minute.
The systems and methods described 1n this specification
can use a charge reservorr mstead of a thermal expansion

valve to regulate the flow rate 1n the refrigeration system.
[0270] FIG. 32 1s a schematic of a refrigeration system

800 for freezing 1ce cream or other mgredients. Retfrigerant
system 800 1s substantially similar to refrigerant system 109
but mcludes a charge reservorr 802 configured to imject/
withdraw change into/from the refrigerant system 800. The
charge reservoir 802 allows a machine (e.g., machine 100)
to tailor the charge 1n the refrigeration system 800 to freeze
1ce cream faster during specific parts of the freezing cycle
600. The charge reservoir 802 1s an expansion tank that 1s
configured to mject charge into the refrigerant system 800
during portions of the freezing cycle 600. This 1s particu-
larly advantageous during the first portion 614 of the freez-
ing cycle 600 where the system 1s undersized. The charge
reservolr 802 1s also configured to withdraw charge from the
reirigerant system 800 during portions of the freezing cycle
600. This 1s advantageous during the second portion 616 of
the freezing cycle 600 where the system 1s oversized. Vary-
ing the charge reduces the risk of compressor damage at the
end of the freezing cycle 612 and increases performance of
the freezing process at the start of the freezing cycle 610.
The additional refnigerant allows more length of the eva-
porator to be effectively used at the start of the freezing
cycle 610. This improves heat transter and allows the 1ce
cream to freeze faster than without adding the additional
relrigerant. In some cases, for example when using a reser-
voir volume of 3-5 7, the 1ce cream Ireezes 5% faster with
the charge reservoir 802 than without the charge reservoir
802.

[0271] The machine controls the charge 1 the refrigerant
system 800 by injecting refrigerant into the refrigerant sys-
tem 800 at the start of the freezing cycle 610 and withdraw-
ing the refrigerant at the end of the freezing cycle 612. This
provides increased heat transfer at the begmmning of the
freezing cycle 610 while also reducing risk of damage to
the compressor at the end of the freezing cycle 612, when
less refrigerant 1s needed.

[0272] The charge reservoir 802 1s fluidly connected to an
access valve 804 that 1s electronically controlled (e.g., by a
solenoid valve) to open and close the fluid connection to the
reirigerant system 800. The charge reservoir 802 1s config-
ured to store high pressure refrigerant gas/hiquid mixture.
For example, 30 - 100 psia refrigerant could be used with
the charge reservoir 802, but some charge reservoirs use
other refrigerant pressures. The charge reservorr 802
includes a piston 806 that 1s translatable within the charge
reservolr 802 and 1s configured to translate towards a dis-
charge port 808 to expel refrigerant 1into the refrigerant sys-
tem 800. The piston 806 1s also configured to translate away
from the openming port 808 of the charge reservoir 802 to
withdraw refrigerant from the reifrigeration system 800.
The piston 806 1s sealed around 1ts circumierence to reduce
refrigerant leaks around the piston 806.

[0273] At the start of the freezing cycle 610, the machine
actuates the access valve 804 to open. This causes the refrig-
crant 1n the charge reservoir 802 to be 1n fluid communaica-
tion with the refrigeration system 800. The machine actuates
the piston 806 to transter the high pressure refrigerant in the
charge reservoir 802 to the refrigerant system 800.

[0274] Durning the second portion of the freezing cycle 616
when the system 1s oversized, the machine actuates the pis-
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ton to retract and the refrigerant 1s siphoned from the refrig-
eration system. In some cases, the piston 1s configured to
retract further than a baseline position yielding a net
removal of refrigerant from the refrigeration system 800.
This improves the performance of the freezing cycle 610
when the system 1s oversized. This increases the chances
that 100% gas refrigerant exits the evaporator 108 during
the entire freezing cycle 600. At the end of the freezing
cycle 612, the piston 806 actuates to add the removed refrig-
erant back into the refrigeration system 800 so the refrigera-
tion system 800 concludes the freezing cycle 612 with the
same amount of refrigerant as the beginning of the freezing
cycle 610. Once the piston 806 has reset to the baseline posi-
tion, the machine controls the access valve 804 to close seal-
ing the refrigeration system 800 until the next freezing cycle
begins.

[0275] Some charge reservoirs 802 mclude a lead screw
instead of a piston. Some charge reservoirs 802 include an
air bladder mstead of a piston. Large pressure changes 1n the
system can be accounted for by making the system seli-
adjusting. Some charge reservoirs 802 mclude one or more
metal bellows with compressed air on one side and refriger-
ant on the other side. As the air pressure 1s mcrease, the
tlexible bellows are deformed and pressure 1s apphied to
the refrigerant. An air compressor 18 used to supply air to
the flexible bellows.

[0276] Other factors such as the size of the pod, the eva-
porator gripping force, and mixing paddle size can attect the
heat transter process. FIG. 33 illustrates the comparison of
1ce crystal size typical of store-bought 1ce cream (e.g., Haa-
gen-Dazs® 1ce cream) versus the same 1ce cream that 1s
melted, packaged mnto a pod, and served using the machines
described 1 this specification. Store-bought 1ce cream that
1s melted, packaged mto a pod, and served using the
machines described m this specification 1s considered
“ColdSnap™” 1ce cream. FIG. 33 illustrates that the ColdS-
nap™ Haagen-Dazs® 1ce cream 1502 has a 40% reduction
1n mean 1ce crystal size compared to the store-bought Haa-
oen-Dazs® 1ce cream 1504. Specifically, the ColdSnap™
Haagen-Dazs® 1ce cream 1502 has a mean 1ce crystal size
of 19.2 um compared to the store-bought Haagen-Dazs® 1ce
cream 1504 with a mean 1ce crystal size of 31.9 um. Addi-
tionally, the standard deviation of the measured 1ce crystals
1in the ColdSnap™ Haagen-Dazs® 1ce cream 1506 1s much
tighter than the standard deviation of the store-bought Haa-
oen-Dazs® 1ce cream 1508.

[0277] The machines described 1n this specification speed
up 1mpeller RPM so that 1ce crystals do not have time to
ogrow large which means that the 1ce crystal size of the fro-
zen 1ce cream 18 much smaller which significantly improves
texture and smoothness of the 1ce cream.

[0278] The ice crystal measurements shown in FIG. 33
were analyzed using a light microscope at 40X magnifica-
tion housed 1n an 1nsulated glovebox system at a tempera-
ture of approximately -10° C. The samples were transterred
to the glovebox immediately after being frozen by the 1ce
cream machines described 1 this specification. The 1ce
cream samples were placed on a microscope slide and a
drop of 50% pentanol and 50% kerosene dispersing solution
were added to aid in dispersing the ice crystals and to
improve 1mage quality. Images of the 1ce crystals were
obtamned wusing optical light microscopy at 40X
magnification.
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[0279] During post-processing, the diameter ot each ice
crystal seen 1n an 1image was measured by tracing the bound-
ary of the 1ce crystals shown 1n the 1mages. Measuring the
boundary of the 1ce crystals was performed using Micro-
solt® Softonic Paintbrush for Mac® with the assistance of
an 1ce¢ crystal measurement macro in the Image Pro Plus
software program. For each sample of ice cream analyzed,
at least 300 1ce crystals were measured per analysis to verily
that a proper statistical average of 1ce crystal sizes was

obtained.
[0280] FIGS. 34A-34E are images of 1ce crystals recorded

using optical light microscopy at 40X (40 times) magnifica-
tion for various ice creams. FIG. 34 A includes three exam-
ples of the 1ce crystal images recorded for measuring the 1ce
crystal size for ColdSnap™ Sweet Cream 1 1ce cream. Scale
of the mmages are represented by the scale bar 1510 repre-
senting a 100 um length. Scale bars are shown 1n each of the
three 1mages of FIG. 34A. Ice crystals are represented by the
generally circular shaped objects (e.g., objects 1512) 1n the
images. There are many 1ce crystals seen 1n the 1mages. The
mean diameter of the 1ce crystals 1s 21.7 um which 1s smal-
ler than the store-bought counterpart for this ice cream.
[0281] FIG. 34B includes three examples of the 1ce crystal
images recorded for measuring the ice crystal size for
ColdSnap™ Sweet Cream 2 1ce cream. The mean diameter
of the 1ce crystals 1s 19.5 um which 1s even smaller the 1ce
crystals seen m FIG. 34A and still less than the store-bought
counterpart for this ice cream

[0282] FIG. 34C includes three examples of the 1ce crystal
images recorded for measuring the 1ce crystal size for
ColdSnap™ Blueberry Chobami® 1ce cream. The mean dia-
meter of the 1ce crystals 1s 21.2 um but some 1c¢ crystals are
larger with a diameter of 76.9 um. However, on average, the
1ce crystal size 1s still less than the store-bought counterpart

for this 1ce cream.
[0283] FIG. 34D includes three examples of the 1ce crystal

images recorded for measuring the i1ce crystal size for
ColdSnap™ Haagen-Dazs® 1ce cream, which was also dis-
cussed with reference to FIG. 33. The mean diameter of the
1ce crystals 1s 19.1 um and the maximum ice crystal mea-
sured was 38.2 um, which 1s the lowest maximum 1ce crys-
tal size of the ice crystal measurements shown m FIGS.
34A-34E. This mean 1ce crystal size 1s smaller than the

store-bought counterpart for this ice cream which 1s shown

n FIG. 34E.
[0284] FIG. 34E includes three examples of the 1ce crystal

images recorded for measuring the 1ce crystal size for store-
bought Haagen-Dazs® 1ce cream, which was also discussed
with reference to FIG. 33. Notably, the mean diameter 1s
31.9 um which 1s much larger than the ColdSnap™ Haa-
gen-Dazs® result of 19.1 um. All quantitative values (1.¢.,
the mean 1ce crystal diameter, the standard deviation, the
minimum ice crystal dimeter, and the maximum ice crystal
diameter) are larger for the store-bought i1ce cream com-

pared to the ColdSnap™ counterparts.
[0285] These results are a strong indication that the 1ce

creams produced with the machines described 1n this speci-
fication produce much smoother 1ce cream than store-
bou ght ice cream. The i1ce creams produced with the
machines described 1n this specification were also 27%
smaller 1n 1ce crystal size compared to the average ice

cream crystal size of 25 um.
[0286] Below 1s a table of the 1ce crystals size measure-

ments shown 1n FIGS. 33 and 34 A-34FE.
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Mean  Std. Dev. Max.
Sample/Data (Lm) (um) Min. (um) (um)
ColdSnap™ Sweet Cream 21.7 7.7 6.0 51.9
1
ColdSnap™ Sweet Cream 19.5 7.1 53 431
2
ColdSnap™ Blueberry 21.2 13.2 6.5 76.9
Chobam®
ColdSnap™ HaagenDazs® 19.1 6.24 6.7 38.3
Store-bought 319 13.8 6.9 84.9

HaagenDazs®

[0287] FIGS. 35A-35E are histograms of the ice crystal
s1ize¢ measurements. FIG. 35A 1s a histogram of the ColdS-
nap!™ sweet cream 1 1ce crystal size distribution which
illustrates the tight standard deviation (or spread) of mea-
surements about the mean 1ce crystal diameter of 21.7 um.
[0288] FIG. 35B 1s a histogram of the ColdSnap™ sweet
cream 2 i1ce crystal size distribution which illustrates the
tight standard deviation of measurements about the mean
1ce crystal diameter of 19.5 um.

[0289] FIG. 35C 1s a histogram of the ColdSnap™ blue-
berry Chobani® 1ce crystal size distribution which 1llus-
trates the tight standard deviation of measurements about
the mean 1ce crystal diameter of 19.5 um.

[0290] FIG. 35D 1s a histogram of the ColdSnap™ Haa-
oen-Dazs® 1ce crystal size distribution which illustrates the
tight standard deviation of measurements about the mean 1ce
crystal diameter of 19.1 um.

[0291] FIG. 3SE 1s a histogram of the store-bought Haa-
oen-Dazs® 1ce crystal size distribution which illustrates the
wider standard deviation of measurements about the mean
1ce crystal diameter of 31.9 um. Not only 1s the mean 1ce
crystal diameter for the store-bought 1ce cream larger than
the ColdSnap™ counterpart, but standard deviation 1s much
greater.

[0292] As previously mentioned, the 1ce creams produced
usmg the machines described m this specification have a
much smaller 1ce crystal size on average and a much tighter
standard dewviation of ice crystal size compared to therr
store-bought counterparts. This 1s important because the
1ce cream machines described 1n this specification produce
smoother 1ce cream that does not require refrigeration or
freezing prior to use. This means that the 1ce creams used
in these machines do not need to include non-natural ingre-
dients such as emulsifiers or stabilizers m the 1ce cream. The
1ce creams used with these machines can be ““clean-label”
and contain simply milk, cream, sugar, and powdered milk
and can be stored at room-temperature for up to 9 months n
a sterilized pod.

[0293] A number of embodiments of the imnvention have
been described. Nevertheless, 1t will be understood that var-
1ous modifications may be made without departing from the
spirit and scope of this disclosure imnvention. Accordingly,
other embodiments are within the scope of the following
claims.

What 1s claimed 1s:
1. A machine for cooling a food or drink, the machine
comprising:
arelrigeration system operable to cool ingredients for pro-
ducing the cooled food or drink, the refrigeration system
comprising:
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an evaporator defining a receptacle sized to recerve the
igredients for producing the cooled food or drink, the
evaporator comprising an mlet to recerve a refrigerant
and an outlet to discharge the refrigerant;

a closed-loop refrigerant path passing through the eva-
porator between the inlet of the evaporator and the out-
let of the evaporator for exchanging heat between the
recerved ingredients and the refrigerant to cool the
recerved ingredients;

a compressor operable to pump the refrigerant through
the closed-loop refrigerant path, the compressor com-
prising an inlet to recerve the refrigerant and an outlet
to discharge the refrigerant; and

a thermo-electric device located along the closed-loop
refrigerant path between the outlet of the evaporator
and the mlet of the compressor.

2. The machine of claim 1., wherein the thermo-electric
device 1s operable to cool the recerved mgredients while
heat 1s exchanged between the recerved ingredients and the
refrigerant.

3. The machine of claim 1, wheremn the thermo-electric
device 1s operable to regulate a temperature of the refrigerant
entering through the 1nlet of the compressor.

4. The machine of claim 3, wheremn the thermo-electric
device 1s operable to regulate the temperature of the refriger-
ant such that substantially all refrigerant 1s superheated betore
entering through the 1nlet of the compressor.

5. The machine of claim 1, turther comprising a processor
operable to control the thermo-electric device to perform at
least one of (1) regulating a temperature of the refrigerant dur-
ing a freezing cycle or (1) cool the recerved ingredients during
the freezing cycle.

6. The machine of claim 5, wherein the processor 1s oper-
able to switch the thermo-¢lectric device on and off through-
out the freezing cycle.

7. The machine of claim 6, wherein the processor 1s oper-
able to switch the thermo-¢lectric device on and off through-
out the freezing cycle based on one or more measured tem-
peratures along the closed-loop refrigerant path.

8. The machine of claim 5, wherein the processor 18 oper-
able to determine a temperature difference between refriger-
ant temperature at the outlet of the evaporator and refrigerant
temperature at the inlet of the evaporator based on one ormore
measured refrigerant temperatures.

9. The machine of claim 8, wherein the processor 1s oper-
able to switch on the thermo-electric device when the tem-
perature difference 1s above a threshold difference and switch
off the thermo-electric device when the temperature ditfer-
ence 18 below the threshold ditference.

10. The machine of claim 3, wherein the processor 1s oper-
able to switch on the thermo-electric device at the beginning
of the freezing cycle and switch ott the thermo-electric device
when a temperature at the outlet of the evaporator decreases
below a threshold temperature during the freezing cycle.

11. A machine for cooling a food or drink, the machine
COmprising:

a refrigeration system operable to cool mgredients for pro-
ducing the cooled food or drink, the refrigeration system
comprising:
an evaporator defining a receptacle sized to receive the

ingredients for producing the cooled food or drink, the
evaporator comprising an ilet to recerve a refrigerant
and an outlet to discharge the refrigerant;
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a closed-loop refrigerant path passing through the eva-
porator between the mlet of the evaporator and the out-
let of the evaporator for exchanging heat between the
received mngredients and the refrigerant to cool the
recerved mngredients; and

a thermo-electric device thermally attached to the
evaporator.

12. The machine of claim 11, wherein the thermo-electric
device1s operable to assistin cooling the recerved mgredients.

13. The machine of claim 12, wherein the thermo-electric
device 1s operable to assist in cooling the recerved ingredients
by exchanging heat between the recerved ingredients and the
refrigerant.

14. The machine of claim 11, further comprising a capillary
tube, wherein the capillary tube and the thermo-electric
device are operable to regulate a temperature of the refrigerant
during a freezing cycle.

15. The machine of claim 11, wherein the thermo-electric
device 1s operable to increase a mass flow of the refrigeration
system to increase a thermal performance of the refrigeration
system.

16. The machine of claim 15, wherein the thermo-electric
device 1s operable to increase the thermal performance of the
refrigeration system by exchanging heat between the recerved
ingredients and the refrigerant to mncrease a mass density of
the refrigerant.

17. The machine of claim 11, wherein the thermo-electric
device1s a thermo-electric cooler arranged on an outer surface
of the evaporator.

18. The machine of claim 11, wherein the thermo-electric
device has a cool side facing towards the evaporator and a hot
side facing away from the evaporator.

19. The machine of claim 18, wherein a portion of the
closed-loop refrigerant path 1s m thermal contact with the
hot side of the thermo-electric device.

20. The machine of claim 12, wherein the thermo-electric
device 1s a plurality of thermo-electric devices arranged on an
outer surface of the evaporator.

21. A machine for cooling a food or drink, the machine
comprising:

a receptacle sized to recerve mgredients for producing the

cooled food or drink; and

a refrigeration system comprising:

an evaporator comprising an mlet to recerve a refrigerant
and an outlet to discharge the refrigerant;

a closed-loop refrigerant path passing through the eva-
porator between the mlet of the evaporator and the
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outlet of the evaporator for exchanging heat between
the recerved ingredients and the refrigerant to cool the
recerved ingredients; and

a thermo-electric device operable to assist in cooling the
recerved ingredients.

22. The machine of claim 21, wherein the thermo-electric
device 1s operable to cool the recerved mgredients while heat
1s exchanged between the received ingredients and the
refrigerant.

23. The machine of claim 22, wherein the thermo-electric
device 15 operable to cool the recerved mgredients by exchan-
oing heat between the evaporator and the refrigerant.

24. The machine of claim 21, wherein the thermo-electric
device 1s operable to heat the refrigerant that has passed
through the outlet of the evaporator.

25. The machine of claim 24, further comprising a com-
pressor operable to pump the refrigerant through the closed-
loop refrigerant path, the thermo-electric device being oper-
able to heat the refrigerant that has passed through the outlet of
the evaporator before the refrigerant reaches an inlet of the
COMPIessor.

26. The machine of claim 25, further comprising a proces-
sor operable to control the compressor and the thermo-electric
device to cool the recerved ingredients.

277. The machine of claim 21, further comprising capillary
tube, wherem the capillary tube and the thermo-electric
device are operable to regulate a temperature of the refrigerant
during a freezing cycle.

28. The machine of claim 21, wherein the machine 1s oper-
able to switch on the thermo-electric device at the beginning
of a freezing cycle and switch oft the thermo-electric device
when a temperature at the outlet of the evaporator decreases
below a threshold temperature during the freezing cycle.

29. The machine of claim 21, wherein the receptacle s sized
to recerve a pod containing the mgredients for producing the
cooled tood or drink.

30. The machine of claim 29, wherein the refrigeration sys-
tem 1s operable to cool the mgredients to produce the cooled
food or drink while the ingredients remain within the pod.

31. The machine of claim 21, further comprising a motor
operable to rotate a paddle to mix the received ingredients to
produce the cooled food or drink while (1) the thermo-electric
device cools the received ingredients and (1) heat 1s
exchanged between the received ngredients and the
refrigerant.

WO W R W



	Front Page
	Drawings
	Specification
	Claims

